Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



8 e- ■■ II 



eoooaesesY 




IQIZ t . z6<j 






GENERAL SYSTEM 



OF 



CHEI^HCAL KHOWJLEDGE, 



^c, S;c, 



GENiaaAI/ SYSTEM ■ 

OP 

CHEMICAL KNOWLEDGE ; 

AMD IT« . 

APPLICATION 

TO TBI 

PHENOMENA OF NATURE AND ART. 



BY A. F. FOURCROy, 

Of the National Institute of France, CouDiellor of State, Profu(« 

t>f CbemistTj at Taibus Public Eitabli^unents, Kembsc 

of tunny Academies, kc. 




IN ELEVEN VOLUMES. 

H A SET OF SYNOPTIC TABLES, IN LARGE mLlOl 



TEANSLATED FROM THE ORIGINAL FREIfCB, 

BY WILUAM NICHOX50N. 



LONDON' : 

FOR CADELL AND OAVIBS, STRAND; LOITOMAM 
AND RSES, G. ADD J. ROBINSON, AKD J. WALKiSR, . 
PATEKNOSTER-ROW ; VERNORAND HOOD, POULTUY J 
CLARKE AND SONS, PORTUOAL-STREKT ; CUTHELi 
AND MARTIN, AND OGILVY AND SON, UOLBORHi 
AND a. SASSIER, STRAND. 



ISO*. 
W. Flint, Prinier, 014 BaiUg. 



TABLE OF CONTENTS 



OF THE 



SECOND VOLITME. 



SECTION THIRD. 

» 

Concerning Burned Bodies, Oxides, and 

Acids 1 

Abt. I. On Combujiion — General Con- 

^derations of Oxides and Acids 1 

Aet. II. Of Water ^ or Oxide of Hidro- 

gen 6 

Art. III. Of Oxides f Metallic and not 

Metallic 26 

Abt. IV. Of Acids in general^ and their 

Clajfification SS 

Art. V. Of the Carbonic Acid 43 

Abt, VI. Of the Phofphoric Acid .... 60 

Art. VII. Of the Phofphoreous Acid. ... 72 

Art. yilL Of the Sulphuric Acid 81 

"AaT. IX* Of ^he Sulphureous Acid .... , IQl 

S Art, 



VI TABLl OF CONTENTS. 

* 

A RX; {X, Of the Nitric Acid ......-• 112 

Art. XL Of the Nitrous Acid 132 

Art. XII. Concerning the Metallic Acids 139 
Art. XIII. Concer?iing the Muriatic 

Acid ..^ :... 143 

Art. XIV. Concerning the Oxigenated 

Muriatic Acid 154 

Art. XV. Concerning the Fluoric Acid 167 

Art. XVI. Concerning the Boracic Acid 175 

SE.CXION FOUR-BH. 

■Concerning the Earthy and Alkaline Sali- 
fiable Bales la's 

Art. J. Concerning the Salijiable Ba/es 
in general ; their ClaJJiJicatiOn^ 
and that ofihe Earths iri particular 183 
-Art. II. Concerning Sikx 189 

Art. hi. 'CdMe7^ning Ahimine /-'•'-•/--• ^9^ 
Art. IV. Concernino; 'Zircone .-.--'.... * 210 
Art. V: CbncYmint' Glucihe -•'.*...-• tl". • 215 
Art. \l. ' Concerning Md'griejia •-'..I,.- '224 

Art. VII. Concerning Lime 1-i^.. 234 

Art. Viri. Of Alkalis in general ^ •-.-? 2i5 
Art. TX. 0/"'j5^nVe^ ...;., ./..V.^^.i.J^ 26a 
Art. X. OfPot-aJh ....-.......;'-.:.;, '2^.^ 

Art. XL Of Soda ...,;..:;.:'.. ..:,;- "^gf 

Art. XIL OfStron'mh ./^...J.l^^./.r.i ' dP ' 



T^BLE OF CONTENTS*. VU. 

Page, 

Art. XIII. Of Ammonia 323 

Art. XIV. Concerning the natural Comb i^- 
nations of Earthsj or Stbnes ; ge^ 
neral and chemical Notions of Li- 

thology 355 

Sec. I. Concerning the diftinBive Cha- 

raBers of Stones 357 

CharaBers derived from the phijfical 

Properties of Stones 358 

A Specific Gravity — 359 

B Hardnefs 360 

C Tranfparency -.* ---. 362 

D RefraBion -..- 363 

E EkBricity ...-.' S6^ 

F Magnetifm - ib/ 

G Colour 365 

H Tajie and Smell 367 

CharaBers taken from the geometrical 

Properties of mixed Stones ib. 

A External Form ,, 368 

B Form of the Nucleus, or Internal 

Form .- 572 

C Form of the primitive integrant 

Particles ..-* 379 

D FraBurc. - 381 

CharaBers taken from the chemical 

Properties of Stones .....^ 383 

^ A ABipn of Heat alone 384 

B ABion 



Paf«. 

B ASiion of Heat 'with Fluxes .\ . • 385 
C ABivn of Acid^ .•i t%6 

Sec. II. Concerning the Lithological 
Methods foimded on the phyficdl 
Properties ,.... 38S 

Sec. in. Concerning the Lithological 
Sjufiems founded on the Mature 
or Compojition of Stones SQi 

Sec. IV. Concerning the DiflinStion if 
Stones, admitted b\f the French 
Mineralogical Schools 39ff ^ 

Sec. V. Cvncefning. the Methods of 
' Anal^s tmplbyed by modern Che- 
mijis to difcover Iht Compojition of 
Stones 449 

Sec. VI. Table of the Atidlyjis of Stones, 

made by diffefent Che77iijls 459 



N 



\ 



SYSTEM 



OP 



CHEMICAL KNOWLEDGE, 



SECTION THIRD. 

Concerning Burned Bodies^ O.vides, or Acids. ' 



Article L 

On Combujiion, General Confiderations refpeSing the 

Oxides, and the Acids* 

1. W E have feen, in the fourth and fifth 
articles of the preceding fe6lion, that combufr-. 
tion, which is confidered by fociety in general, 
as a colle6lion of light, of heat, and of mo- 
tion, decompofing fuch bodies as they a6l upon, 
is fliown by chemifts, to be a true combination 
of the cqttibullible fubftances with oxigen, and 
that it more efpecially confifts in this combina- 
tion; that oxigen gas, by lofmg its form, and 
Vol. IL B fuffering 
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2 GENERAL CONSIDERATIONS ON 

fufFering its folvent to eicape in light and heat, 
inoft commonly affumes the folid ftate of the 
combuftibles,— is fixed more or lefs ftrongly,— 
\inites with them in various proportions, and 
adheres with different degrees of power ; that 
- fometimes> on the contrary, the bodies them- 
felves are fufed, volatilized, and diffolved in the 
oxigen gas, fo as to partake of its elaftic fluidi- 
ty ; that we can form a judgment of the degree 
of the folidity of the oxigen in burned bodies^ 
By eftimating the quantity of caloric thus dif- 
engaged ; that the oxigen having different de- 
grees of eleftiye attraftion for the various com- 
buftibles, .it is poffible, by means of fome of 
thefe, to decompofe others which have already 
been burned ; that this phenomenon, termed in 
general decombuftion, is favoured by the con- 
tact of light ; that an accumulation of caloric, 
more efpecially when it a6ls at the fame time as 
light, is frequently capable of unburning oxi- 
genated bodies^ without the addition of other 
combuftible matters; that oxigen not only 
unites in different dofes with each of the com- 
buftible bodies, under like circumftances, but 
alfo combines, in various proportions, with each 
of them fingly, according to the manner in 
which the combuftion is effefted ; that the dif- 
ferent portions of oxigen may be fuppofed, in 
thought, to be divided in the body thus fatu- 
rated, in the fame manner as they can be fepa- 
rated and united j that thefe adhere with different 
degrees -of force, and, in general, according to 

one 
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one of the laws of attraSionnn the inverfe ratio 
of the faturation, Thofe data, obtained by the 
labours of the modern French chemifts, lead us 
to a knowledge of the properties of burned bo- 
dies. 

2. Whenever, in the laft feftion, any fimple 
combuftible body was particularly to be treated, 
care was taken, in defcribing the phenomena of 
its combuftion, to announce the refult, or the 
produ6t which is always much heavier than the 
firft body, becaufe oxigen has been added. To 
defignate this produft, the term? oxides and 
acids have been ufed, and, as thefe two names 
only have been ufed in exhibiting all the re-^ 
fults of the combuftion of fimple bodies hitherto 
treated, we have, in ^fftGt aflfeited, in othe^ 
terms, that all the compounds of combufti- 
bles and oxigen, are either oxides or acids ; and, 
in truth, when we confider the whole of the in- 
flammable matters, prefented by Nature in their 
burned ftate, we invariably difcover either ox-* 
ides or acids. 

S; The general term oxide, Is applied to fuel! 
oxigenated bodies as are not acids, that is to 
fay, which have not aa acid tafte, a ftrong at-? 
tradion, and the other charafteriftic properties 
of this clafs of beings. Modern chemiftry, by 
defignating thefe oxigenated bodies under the 
name of oxides, has intended to iliow that thefe 
compounds have, neverthelefs, analogies more 
or lefs marked with the acids: and that we 
may even confider them as fuch, as they have 

B 3 the 



A ^ gjeneral considerations 

the fame habitudes in various combinations, 
and are fubje6i; to the fame kind of attra6tion», 
Thefe fadls are exprefled by the etymologic ori- 
gin of this word, and its termination which re- 
fembles that of the acids. 

4., We may diftiiiguifh two genera of oxides, 
<)r oxigenated bodies, which are not acid. The 
one, in fa6l, remain always fuch, and never pafs 
to tie liate of acidity: in whatever manner 
they may be treated, they are not acidifiable^ 
The other are only a kind of intermediate paf- 
fage, between the ftate of a combuftible body 
and that of acidity. They are oxides only, 
becaufe they yet contain too fmall a propor- 
tion of oxigen to become acids. They are ca- 
pable of acidification, if oxigen be added to 
them. 

5. Among the oxides, properly fo called, 
which cannot pafs to the ftate of acids, we muft 
reckon the oxide of hidrogen, or water, and a 
confiderable number of metallic oxides. In 
the genus of thofe M'hicli can be acidified by an 
addition of oxigen, we reckon feveral combuf- 
tible bodies, which are not metallic, and which 
being, in fact, capable of pafling to the ftate of 
acidity, by a fufficieut proportion of oxigen, 
they remain oxides only, until they have ab- 
forbed that proportion of the acidifying* pi in-? 
ciple. Such particularly are phofphorus, ful- 
phur, azote, and, perhaps, evencarboru . 

6. The oxides, Avhether non-acidifiable, or 
acidlfiable, may alfo be diftinguiihed by the va** 

rious 



RESPECTIKG OXIDES AXO ACIDS. 5 

rious porportions of oxigen, which each of the 
oxidable radicals, compared with each other, 
are capable of abforbing, and alfo by that por- 
tion of this principle, which each of them in 
particular can contain; that is to fay, in other 
terms, each oxide of the fame fubftance, varies 
in the quantity of oxigen it contains, and muft 
alfo vaiy in its properties. This diftindion will 
be found very neceflary with regard to the ox- 
ides of each metal which differ much from each 
other, according to their greater or lefs advance- 
ment in oxidation. A number of chemical 
phenomena, formerly inexplicable, become very 
eafily accounted for by this diftin6lion which is 
direclly proved by a number of experiments. 

7. We may, likewife, diftinguifh the various 
oxides from each other, by the adherence of 
their principles. Some are decompofed, or dif- 
oxided very eafily. The fimple conta6l of light 
is often fufficient to unburn thefe bodies ; others, 
fomewhat more difficult to be decompofed, re- 
quire the addition of a greater or lefs quantity 
of caloric to the light ; fome are fo permanent 
in their ftate of oxides, or retain the oxigen 
which is united to them with fo much force, 
that it can fcarcely be taken from them by any 
means, and, it is neceffary to employ various 
means, at the fame time, and feveral united iat- 
traftions to arrive at this object. We muft not 
forget that hidrogen aqd carbon, being the two 
eombuftible bodies which have the ftrongeft at- 
i^'aftiop for oxigen, ai*p almoft always iifed 
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6 oxides; acids; water. 

with fuccefs, though, in truth, with the aflift- 
ance of a more or lefs elevated temperature to 
decoTOpofe the oxides. 

8. I intend to fpeak, in two feparate articles, 
of thofe three genera of principal oxides : that 
of hidrogen, or water, will hold the firft rank, 
and form the firft article. In the fecond, I Ihatl 
place the metallic oxides, and the oxides of com- 
buftible bodies which are not metallic. Though 
the firft only of thefe three kinds of oxides re- 
quire to be treated at length, becaufe the two 
following will be defcribed in other articles, or 
feftions of this work, yet it will be indifpen- 
fably neceflary to give fome general notions on 
the metallic, and thofe not metallic, in order to 
prefent a perfeftly methodical and complete 
fyftem of chemical infoimation ; and to ex- 
plain, in all its departments, the extenfive 
couife, which will remain to be paffed through 
^ftcr tjaeir inveftigation. 



Article IL 

Of Water J or the Oj^ide of Hidrogen. 

1. THE human mind, having been fo long 
accuftomed to clafs water among the number 
of the elements, feems averfe to ranking it 
amongft compound bodies. This point, how- 
ever, has been decided by experiment upwards 

of 



OENERAIi FRO^ERTIM OP WATER. 7 

of fifteen years fince ; and, as it has not been 
oppofed by a fingle fact, notwitbftamling any 
hypothefis that may have been formed for the 
purpofe of explaining the refalt, it is very evi- 
dent, that if fifteen parts of hidrogen gas, ab- 
forb, in the a^ of combuftion, eighty-five parts 
of oxigen, and if thofe two bodies form, by 
their union, one hundred parts of very pur^ 
water, when tbofe gafes are themfelves piu-e, we 
may naturally conclude, that water is aftuaily 
a compound of hidrogen and oxigen, each of 
which is feparated from its gafeous folvent^ 
and that it is a true oxide, becaufe it does not 
poffcfs the acid properties. 

2. This kind of oxide of hidrogen, water, 
being diffufed fo abundantly over the furface of 
the globe, and in the atmofphere, under the 
forms, or in the dates of folid,. liquid, or eladic 
fluid, it is not a matter of fui-prife that many 
philofophers, ,,on confidering its great extent, 
its important ufes, and its numerous phenome- 
na, have confidered it as an element ferving for 
the compofition and formation of many natu- 
ral beings. 

3. Chemifts themfelves muft have adopted 
this opinion, in confequence of having obferv- 
ed water to refult from moft of their analyfcs, 
to prefent itlelf iuan immenfe pumber of opera- 
tions, and to be difengaged at the inftant when 
the power, which united the principles of bo- 
dies, became relaxed, or broken by their opera- 
tions* Obliged, in fome degree, to confider it 

as 



8 GENERAL PROPERTIES AND 

as a common principle in a great number of 
compounds, they, for a long time, placed it 
;^mbng their chemical elements, under the name 
phlegm. 

4. Though water is frequently afforded byx 
Nature, in its three dates, namely, folid, fluid, 
and vaporous, yet as each of thefe dates de- 
pends on the difl'erent proportion of caloric, and 
would lead us to the hidory of its combinations, 
when a knowledge of the phyfical properties of 
water were to be communicated, before we can 
have confidered its chemical properties, it ap-- 
pears very natural, that we ihould fird confider 
it in its liquid date, becaufe, in this date, its 
name of water is more particularly applicable, 
and, under this form, it prefents itfelf mod fre- 
quently, and in the greated abundance to our 
obfervation, and produces the mod numerous 
phenomena. 

5. The naturalid, however, who mud obferve 
water in all its dates, if he would acquire a 
knowledge of it in general, and comprehend its 
whole influence, defcribes it in the atmofphere 
under the form of clouds, and mids, precipitat- 
ed from the air, in dew, raiii, fnow, and hail; 
colle6ied on the furface of the earth, and pro- 
ducing rivulets, fprings, torrents, rivers great 
and fmall, ponds, lakes, and feas, and on high 
mountains, as well as beneath the poles, in a 
date of eternal congelation. By making a dif- 
tinftion between the waters of the atmofphere, 
and thofe of the earth, he obferves their tranfi- 

tion 
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tion from the furface of the feas to the atmo- 
fphere, their conveyance, by the winds, from 
place to place, in the midft of the atmofphere ; 
he obferves them, excavating, and forming ra- 
vins on the furface of the globe, filtrating 
through its ftrata, collecting in its fubterraneous 
cavities, and forming capacious refervoirs, 
whence originate fprings, and fometimes even 
rivers ; he obferves this fluid, gradually dif- 
placing the exterior maffes, and the ftrata of 
the earth ; wearing down and diminiihing the 
mountains, filling vallies, forming extenfive de- 
pofitions at the bottom of the feas, Avhich, after 
the lapfe of ages, are found in a dry ftatc, dif- 
folving, and caufing the cryftallization of nu- 
merous foffils, incefTantly changing their places, 
and filtrating in the veffels of vegetables ; in a 
word, he obferves, that water in a mafs, in mo- 
tion, and as a folvent, is one of the great agents 
of Nature, and afts in a thoufand different ways 
on its phenomena. The whole of thefe details, 
which belong to the natural hiftory of water, 
properly conftitute the fcieuce of hidrology. 

6. The natiiral philofopher, who moft fre- 
quently obfcrves^ the fenfible properties of wa- 
ter in its liquid ftate, has determined its fpeci- 
fic gravity to be eight hundred and fifty times 
greater than that of air ; its perfefl; limpidity, 
its want of tafte and fmell ; its incompreifibi- 
lity; its conftant tendency to find its own le- 
vel, which ferves to determine the plain of the 
horizon, and leads us to a knowledge of the re- 

fpeclive 



10^ GENERAL PROPERTIES AN0 

fpeftive pofition of bodies ; its preffure and den- 
fity, in confequence of which founds, or even 
light, are tranfmitted through it with much 
more difficulty than through air ; its accelerated 
motion of defcent, by the inclination of the 
plane over which it flows, from which, as a firft 
power, the mechanical arts are fo highly bene- 
fited ; the communication of this motion to the 
bodies with which it comes in 'Conta6l;, or thofe 
which float, or are conveyed by its courfe, &c. ; 
by applying calculation to all thcfe properties, 
we eftablilh the principles of hidrofiatics and 
hidrodynamics. 

7* If we particularly confider its two dates 
of folidity and elaftic fluidity, it will appear^ 
that ice is a perfeQ; cryftallization of water ; 
when from the feparation of caloric, it exhibits, 
lat its forii|iation, all the phenomena of thofe bo- 
dies which cryftallize; at- this inftant, heat is 
generated, which caufes the thei'mometer to 
rife fe vend degrees ; and this 'formation is alfo 
accelerated by the accefs of air and motion ; its 
bulk is augmented, in a certain proportion, like 
that of the falts in cryftallization ; its form is 
regular, as well by the conftant union of its 
cryftals at angles of fixty, or one hundred and 
twenty degrees, or in each particular cryftal 
which is a prifm of four fides, terminated by de- 
hedral fummits. When once formed, ice is ca- 
pable of being reduced toduft ; it can lofe much 
caloric, is very elaftic, and exerts a ftrong ac* 
tion upon the organs of animals, by rapidly der 

priving 
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privHig them of caloric. The air which i$ often 
contained between its particles, renders it 
opaque, and lighter than water in a liquid (late. 
On melting, it conftantly remains at the tempe- 
rature of zero, as long as there is any portion 
of folid matter, becaufe, on becoming liquefied, 
it abforbs all the uncombined caloric. 

8. When we obferv§ water in the ftate of elai^ 
tic fluidity, it is found to be perfeftly tranfw 
parent ; it becomes vifible, white, and clouded, 
when the caloric, which it holds in folution, is 
difengaged ; its bulk, compared to that of liquid 
water, is in the proportion of 800 to 1 : its elaf- 
ticity and fpring produce violent explofions^ 
and other remarkable effects, when applied to 
the mechanical arts, as may be feen^ for in- 
fiance, in the fteam engine. Water readily 
combines with a great number of bodies : it fa^* 
cilitates combuftion in fuch ^ degree, that ilk 
has been fuppofed to be changed into air, or to 
perform the funftions of that fluid. . When it 
pafles again to the liquid fl;ate, it caufes the fe- 
parationof fome uncombined caloric, and raifes 
the temperature of all the bodies in its-vicinity. 
To this change may be attributed the phenome- 
na of a great number of aqueous meteors, and 
the conftant rife of temperature in the atrno* 
fphere, after the condenfation of the vapours of 
water. 

9. Water undergoes no fenfible alteration 
from the effcfit of light ; in the ftate of ice it 
ftrongly refrads it; in the liquid ftate, the re-. 

fradion 
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fraftion is more than proportioned to the den- 
fity of the water; and it was in confequence of 
this phenomenon, that Newton imagined it to 
contain fomething of a combuftible nature, and 
fufpefted, as we may affirm, the prefence of hi- 
drogen an hundred years before the fa6l was 
difcovered. The vapour of water readily de- 
compofes; or difperfes the various rays of light ; 
or, in other words, it communicates, by refrac- 
tion, the various and proportionate motions 
which give rife to colours. The vapour of wa- 
ter introduced into the air of a glafs. globe, 
placed between the eye and a light, exhibits all 
the tints of the rainbow. Though we are not 
yet acquainted with the manner in which elec- 
tricity a6ls in chemical phenomena, yet it is ne- 
ceffary to defcribe its certain effefts. When a 
great number of eleftric fparks are conveyed 
through a fmall tube, filled with water^ by 
means of a conduftor with a metallic knob, the 
water is decompofed, and feparated into hidro- 
gen and oxigen gas, and when this decompofition 
is fo far advanced that the two extremities be- 
come immerfed in the mixture of thefe two gafes, 
fo that the fpark explodes in them, thefe gafes 
again, take fire, and form water. Hence, the 
ajSliou of eledricity may be faid to decompofe 
vater into its two elements which it feparates 
in the form of gas, and alfo to re-combine thofe 
bafes, in fuch a manner as again to compofe the 
lieiife fluid, 
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10. The aftion of caloric upon water, in its 
difFerent ftates, deferves the whole attention of 
the natural philofopher, and the chemift. The 
former confiders its changes of ftate, the latter 
its true chemical Combinations, and all the 
efFefts of folutions. It is, therefore, ncceffary 
to x)bferve the effefts of chemical a6lion upon 
ice, upon water in a liquid ftate, and alfo upon 
its vapour. Ice, in order to become diffolved, 
abforbs a proportion of caloric, which would 
raife an equal weight of liquid Avater through 
feventy-five degrees ; hs capacity is, therefore, 
much greater than that of liquid Mater, becaufe, 
without acquiring a fingle degree of tempera- 
ture, it takes from the caufe which melts it, as 
niuch heat as would produce an elevation of fe- 
venty-five degrees in an equal quantity of wa- 
fer. Hence, liquid water is a perfe6l combina- 
tion of ice and caloric ; it is a fufion, in every 
refpccl fimilar to thofe of all other bodies what- 
ever. The portion of caloric in fluid water, 
can only be eftimated above zero, or the point 
of congelation; that portion, which is contain- 
ed by ice, cannot be appreciated. Hence, we 
may account for the numerous difficulties and 
uncertainties among philofophers, with regard 
to tlie real zero, or the quantity of caloric con- 
tained in water at the true of the thermometer. 
U. Liquid water, ice in a ftate of fufion, or 
water in its ordinary ftate, is dilated, and in- 
creafed, in bulk by the introduction of caloric 

between its particles. - Water gradually iu? 

qreafes 
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creaies by fenfible heat, till it arrives at a certain 
pointy fpecified in the thermometer of Reaumur 
by 80 degrees, which, in the dentigrade ther- 
mometer, is divided into 100; and the degrees 
of the latter inftrument are adopted in the pre- 
fent work. It then undergoes no farther 
change ; but paffes to the ftate of vapour : every 
new particle of caloric combines with the hot 
water, and diffolves it into gas. ' Hence,, the 
temperature of boiling water affords a coilftant, 
or ftatibnary point. This change into vapour, 
or elaftic fluid is attended with bubbles in great- 
er or lefs abundance, and various fizes, which 
rife through the liquor with a degree of agita- 
tion, and produce the ebullition of the, water. 
In order to render this phenomenon perfci^lly 
intelligible, I am accuftomed to obferVe, that 
the water caufes an effervefcence with itfelf ; 
and, in faft, it is an elaftic fluid which rifes from 
the body of a liquid, and no other idea can be 
formed of effervefcence. It is, if the expref- 
fion may be allowed, a portion of water former- 
ly in a gafeous ftate, which becomes, infoluble 
in water heated to one hundred degrees, and 
confequently then efcapes. The bi^bbles pro*^ 
'ceed from the bottom, becaufe the caloric therfe 
enters the Avater, which is no longer capable of 
receiving it, without affuming the gafeous form. 
The weight and prefTure of the air,- as well as: its 
more or lefs folvent ftate, has an influence upon 
the ebullition of water : it boils more readily^ 
9r at lefs than one hundred degrees, when the 

operation 
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operation is mad^ on a mountain, where the ba- 
rometer does not (land at twenty-eight inches 
of the ancient French fcale ; it boils with great- 
er difficulty in cavities of the earth, where the 
mercury, in the barometer, ftands at a greater 
height. It is, therefore, only at a given pref- 
fure of the atmofphere, that thermometers ought 
to be conftruAed ; and, for the fame reafon it is, 
that water, at fifty degrees, boils very rapidly 
in a vacuum. 

12. The dilatation and ebullition of water 
by the introduftion of caloric, dpes not, in the 
fmalleft degree, change the nature of this ox- 
ide of hidrogen. The vapour of water, or the 
aquepus gas produced by its ebullition, is not a 
permanent gas, but eafily parts with the caloric 
it contains, and again becomes liquid by the 
contact; of any cold body. On this phenomenon 
is founded the diftillation of ^vater; an opera- 
tion which is very frequently performed in la- 
boratories, for the purpofe of obtaining this li- 
quid in that pure (late which is neceffary for 
delicate experiments. For this operation, a tin- 
ned copper alembic, or ftill, is made ufe of: 
the water, which is placed in the kind of boiler 
called the cucurbit, or body of the ftrtl, afcends. 
in vapour, by the adion of the fire, into the 
head with which the veffel is covered. This 
being furrounded by a copper veffel filled with 
cold water, the low temperature of which cbn- 
denfes the vapour, the pure and liquefied water 
flowi* down into a gutter, or groove, in which 

the 
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the head terminates at bottom, and which, by 
means of a flight declivity, permits the water to 
run off through a pipe, or beak, into a giafs vafe 
called a receiver. We might, alfo, avail our- 
felves of the natural diftillati on which takes 
place in the atmofphere, by coUefting rain- Aba- 
ter in the middle of an extenflve yard, without 
receiving what falls from the roofs of houfcs, 
to obtain this fluid in a confiderable ftate of 
purity. The ancient chemifl:s even ^ave the 
preference to rain-water, for their experiments ; 
and, it will fliortly appear, th^t it differs from 
water artificially difl:illed, in confequence of 
the air with which it is impregnated, which air 
is not contained in diftilled water. 

1 3. Oxigen does not poffeCs any very fenfiblo 
attraftion for water which is faturated with it. 
It cannot effeftually combine with more than 
the proportion of 0,85 that it contains. Oxi- 
igen gas is, neverthelefs, capable of becoming 
fixed, or being abforbed by water ; and it is a 
faft well-known, and even proved, that water 
abforbs this gas in greater abundance, and with 
more facility than it does azote. 

14. Water and air have a confiderable attrac- 
tion for each other : when air is paffed through 
water, a quantity of the former is diffolved, 
which is more in proportion to the fmaller por- 
tion of air, originally fufpended in that fluid. 
Air which remains on the furface of water, or 
moves with rapidity on its furface, or fl:ill pre- 
ferably, that which is agitated, and mixed m ith 

water, 
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Valer, abforbs a quantity of this fluid according 
to its deiifity ; It is knowii that air, which is 
condenfed, diffolvcs a larger proportion (of wa- 
ter), and, according as it becomes rarefied, the 
water is precipitated ; this will account for the 
flight vapoui*, or cloud, which is perceived on 
caufing the receiver of an air pump to be ex- 
haufted. The fdlubihty of water in air is, 
likewife, the caufe of the evaporation which that 
liquid undergoes in the atmofphere* This eva- 
poration is accelerated, or retarded by various 
circumftances, fuch as its temperature, preffure, 
&c. By the continual effeds of folution and pre- 
cipitation of water in atmofpheric air, of Avhich 
only the commencement of change are ihown 
by the higrometer, all the aqueous meteors are 
produced. It is neceffary to make a proper dif- 
tin6lion between the higrometic (late of the air, 
and the perfe6i chemical folution of water. Wa- 
te^, which is diflblved, can only be difcovered 
by chemical procelTes, which will be hereafter 
explained ; but the higrometer only indicates 
the folution and precipitation of water, at the 
inftant when this folution and precipitation are 
clFecled* The air of a fine fummer's day, appa- 
rently warm and dry, in which no humidity is 
manifefted by the higrometer, depofits water 
when immerfed in ice ; and it is only at the 
time when this water becomes difengaged, that 
the higrometer announces its prefence. Though 
every circumftance which relates to the folu- 
bility of water in atmofpheric air has been in- 
VoL- IL C finitely 
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finitely better appreciated in the nioderu phrlo- 
fophy, it, neverthclcfs, forms a part of m^teoro- 
Jogrc chemiftry, which is yet in its infajncy. 
It is of miportance to be obferved, in this plaee^ ■- 
that water agitated, or thrown into the air, be- , 
fides diffolving and faturating it, may not only 
purify it by agitation and renewal, but alfo by 
carrying off the elaftic, non-refpirable and fo- 
Juble fluids which it may contain, and are fo- 
feig4n to its proper nature, 

15. As Avater is diflblved in air, air is, Jikc- 
wife, abforbed by water. ' Every time thofe two . 
bodies are brought into contact, an equilibrium 
takes place, as in all other folutions. In pro- 
portion as the air becomes faturated with wateiv 
which becomes gazified, the water is faturated 
with air which adopts the liquid flate. All wa- 
iter, on being expofed to the air, becomes im- 
pregnated with that fluid in greater or lefs- 
abundance. This is one of the principal caufe^ 
of the difference between the waters which flow 
on the furface of the earth, and thofe which fil- 
^ trate between its flrata, or remain and: ftagnate^ 
in its cavities. This is alfo the chief difference 
exifting between water, precipitated from the 
atmofphere during rain, and that purified by 
chemical diflillation. Befidcs the various- 
. means pofTeffed by chemifis, for difcovcring tlic 
quantity of air contained in water, which wilt 
be mentioned hereafter ; befides the well-known 
experiment of the bubbles of air difengagerf 
from >vatcr> at the fuiface of which a vacuum. 

i.v 
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i« majde, air is obferved to cfcape by the a&toa 
of caloric in fiich ^ quantity as to produce an 
effefl: refembling the boiling of water* It is 
s^lfo fcen to quit this liquid at tlie inftant when 
it becomes congealed and cryfiallized. Hence, 
V the folubility of air in water has, for its limits^ 
the temperature of ice, and that of boiling wist- 
ter* On cotie&ing air from water by the ac-- 
tionof fire, it is found to be rather more pure 
than atmofpheric air, and therefore, it is, con- 
cluded, that this liquid abforbs a greater quan- 
tity of oxigen gas, than of azote gas of the at* 
molphere. Water that has been peife6lly de- 
prived of its air, does not poffels the lively and, 
as it were, pungent tafte which it had before 
the time of fuch privation : it loads tlie fto- 
mach, and is not fo favourable to digeftipn as 
in the other fiate. 

1& No combination is known between wa-* 
ter and a^ote. Azote gas, when brought into 
cental with this liquid, is not fenfibly abforb^ 
ed, and it appears to diffolve but a very fmall 
tiuantity of water. This negative property of 
azote gas, with regard to water, is alfo one of 
its charaders which is. frequently of advantage 
in chemiftry, for difcovering and dillinguifliing 
this kind of gas. 

17* Hidrogen appears to have no attra^lion 
for water; the 0,15 parts of this principle, 
which it contains, completely faturate the oxi- 
gen, and hidrogen gas is not at all foluble in 
this liquid. Neyerthelefo, this gas often con- 

C 2 tains 
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tains a certain quantity of watery .-which it dif-. 
folves :by paffing through^ it. r Water impreg- 
nated with air, and particularly with roxigen 
gas; appeaits ta pofllefs the property of .ibforbing^ 
hidrogen ;. -but this fa6i, which hats not yet 
been verified^ fccms to be owing to fome degree 
of impurity in thife gas,> which varies confidera- 
bly, according :to thedifFerent coinbuftible bo- 
dies which it holdsin folution. We Ihall, how- 
ever, foon fee that azote and hidrogen,^^ which 
alone are infoluble, become, on the contrary, 
very folubley when they are combined, 

18, Water has only a weak aftion upon car- 
bon in the cold; it is 'eafily abforbed by the 
different kinds of charcoal, which; become hu- 
mid in air, loaded with water, and exert upon 
it a kind of higrometric aftipn. I . have ex- 
amined pieces of charcoal, which had.been prc- 
ferved in tombs forfeveral centuries, and found 
them foftened, . and rendered almoft friable by 
the water with which they were impregnated- 
Nature poffeffes means, with which we are un- 
acquainted, of diffolving carbon in water, fof 
the purpofe of conveying it into the organs of 
vegrtables, of which it forms the principal nou- 
rifhment Though we can perceive no aftion 
between carbon in the cold, and water, yet a 
very ftrong aftion is feen between that fluid, 
and carbon in the ignited ftate. At this tem-r 
perature, carbon has a greatep attraftion for ox- 
igen, than hidrogen has for that fluid. The 
water is rapidly decompofed,. carbonated hi- 
drogen 
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dtogen gas and carbonic acid gas are difen- 
gaged/ Charcoal, completely ignited, and 
plunged under a receiver full of water, excites 
an effervefcence, attended with a fenfible noife, 
and produces the two gafes above-mentioned. 
Hence, the reafon, that on pouring a fmall quan- 
tity on a large mafs of lighted charcoal, the 
GOmbuftion is increafed, rather than extin- 
guiihed; and. alfo why humid charcoal, if 
ftrongly heated, , bums with flame, and exhales 
an extremely fetid, and mephitic carbonated hi- 
drogen , gas, . Water has but a fmall degree of 
adioa upon carbonated hidrogen gas: it, how-' 
evier, contra^ a fetid odour by the conta6i, and 
diffolvcs a greater portion of this, than of pure 
hidrogen gas. 

19.: Pbbfphorus and water do not combine, 
either it heat or cold. We fee phofphorus, un- 
der water, in a hot, liquid, and well fufed ftate : 
by continuing the heat, it rifes through the wa- 
ter, and bums at its furface, or is volatilized. 
Phofphorus may be preferved tranfparent with- 
out fuifering any change, under boiling water 
that has been completely deprived of v its air, 
by keeping the veffels which contain it well 
clofed. On the contrary, aerated water gra- 
dually burns the furface of phofphorus, and 
covers it with a white oxide, which obfcures 
its tranfparency. If phofphorus, immerfed in 
aerated water, be expofed to light, the red co- 
lour, which it acquires, is a proof that rt burns 
ftiU mojpe by the tomans ^ ,1?he .oxigen which is 

diffolved 
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diffolvcd in the water. It is not afcertained^ 
trh^ther, at i. very high tetfiperaturt, phbfphd- 
rushas not -a greater attra&ion for oxigenthan 
hidrogen ha»j' fo as to decottipofe water. This 
dangerous e:Jcperim^nt has not bieen attempted. 
Phofphorus melted under water - is eatfily in- 
flamed, by bringing oxigeri gas into conta6l 
with it at the bottom of the containing' veffel ; 
and this may be confidered as one of the moft 
brilliant combuftibns that can poffibly b« 
made. ' • 

Phofphorated hidrogen gas is not foluble in 
water. When kept, for a long time, in contact; 
with this fluid, it becomes changed, ceafes to be 
fpontaneoufly inflammable with the air, and de- 
pofits a portion of phofphorus. 

20. Sulphur and water in different ftates, and 
at any degree of tempet-ature whatever, have no 
obfervable a6lion# In the cold, ^fulphur, kept 
immerfed in water, lofes no part of its weight, 
nor does it communicate to it any particular 
chemical charafter ; though fome have pretend- 
ed that it imparts fome medicinal properties. 
When melted fulphur is poured into liquid wai- 
ter, particularly after it has been kept fome 
time in fufion, "till it has acquired a vifcid ap-* 
pearance, it preferves a degree of foftnefe, and 
duftility, which has already been mentioned in 
the t^nth article of the preceding fe£Hon : the 
water, however, though it acquires a flight tafte, 
3.nd a remarkable fmell, does not produce any 
4iminution in the Veijght of the fulphur. This 

a^ioijL 
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a5Hon ouo*ht not to be confounded witli that of 
fulphur, when inflammation has commenced be-^ 
fore it is immerfed in water ; in the latter cafe, a 
fmall quantity of fulphoreous acid is diflblved. 
It is well known, that fulphur exerts no decpm- 
pofing aSion upon water at an elev?ited tempe- 
rature ; that it, in no cafe, has a greater attrac- 
tion for oxigen, than the latter has for hidro- 
gen, and, for this reafon, chemifts have never 
been able to facilitate either the combullion of 
fulphur, or tlie formation of the fulphuric acid 
by water, even in a ftate of vapour. Sulphur 
rated hidrogen gas is foluble in water, and forms 
an artificial fulphureous water. In the follow^ 
ing feftion, we fliall tieat of this folution, when 
we fpeak of thofe bodies, from which fulphu^^ 
rated hidrogen gas can be. mod readily and 
abundantly obtained. 

21. Water, though it does not diffolve ful- 
phurated phofphorus, or phofphorated fulphinv 
nor is decompofed by phofphorus, or fulphur, 
appears, neverthelefs, to be capable of decomf 
pofition by thofe two combuftibles, when united 
in a binary combination. It has been 'obferv** 
ed, in the tenth article of tlie preceding fetlion^ 
that fulphurated phofphorus, melted in water, 
expands, and emits bubbles from its furfuce 
which frequently take fire in the air, at the 
fame time that a fetid garlic fmell is difengaged 
Thefc two phenomena prove, in fac^, that wa- 
^ey is depompofed, becaufc .there is a difengage- 

nient 
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I 

xnent of fulphurated and phofphoratecj hidFOgen 
gas. 

22. There is no adion, whatever, between 
the diamond and water. It appears certain, 
however, that this combuftible body, notwithr 
, ftanding its extreme hardnefs, muft have been 
diflblved in water, and that the conftant and 
remarkable cryftalline forms which it adopts in 
its ng^tural ftate, can only be attributed to the 
gradual evaporation of its folvent, and to the 
concentration of its folution. By all the efr 
forts of art, we have not hitherto been able to 
afcertain, nor even to imagine, by what procefs 
this fojution can be effe6led in the bowels of 
the earth, where there is no doubt tjiat it takeii 
place. 
I 23. Metals a6l in two general manners with 

liquid water, and water in a ftate of vapour ; for 
their a6iion upon ice is confined to a divifion of 
the caloric which each contains, according to 
their mutual capacity. Some, or rather moft 
metals, have no a6lion upon water, and remain 
in cont^6t, without caufing it to undergo any 
alteratibn, or being fubjedl themfdves to any 
change, whatever may be the temperature to 
which the mafs k fubje6i;ed. Jt has, however^ 
been affirmed, that there is no metal which 
would not become oxided in a ftate of extreme 
divifion, and with a very large quantity of wa^^ 
ter, by a violent and long-continued agitation ; 
but it will be elfewhere ftiewn, that this efFe6i; 
pan only depend upon the air contained in the 

V^tef, 



HABITUDES QF WATER* 25 

water. Some metalsj namely^ thofe which ^ire 
the moft combuftible, and hayte the greateft at-r 
traclion for oxigen, e^n decompofe water, even 
when cold, though not with facility,-r-but rapid-" 
ly, and in abundance^ when their temperature is 
Sufficiently elevated. In the latter cafe, a great 
quantity of hidrogen gas is difengaged, and the 
metal is reduced to an oxide. As this diCr 
charge of hidrogen gas takes place even in the 
cold, it appears, that the aqueous oxjgen her 
comes more folid in the metal than it was in the 
water, and that the aeriform fufion of the hidro^ 
geii is owing to the caloric which is feparated* 
It will, hereafter, be feen, what a number of hapr 
py appliications have been made to the fcience 
of this important fafl, of the decompofition of 
water by metajs, which was firft difcovered at 
JParis, in the year 1 784, 

24f Water, from its great abundance, its va-» 
irious flates, its phyfical properties, and its che-? 
inica} action upon a great niimber of bodies, 
whi^ther, as a fblvent, or by its decompofition, 
fulfils a number of funftions in Nature and the 
jtrts; It would be almoft fuperfluous, * in this 
place, to give any exjiibition of its important 
lifes in the phenomena of Nature. The hidror 
grapher, the geologift, the naturalift, the mete- 
Orologift — all are enabled, and ought to avail 
themfelves of the information afforded by che- 
xnical fcience, to explain its mapifold effedls. 
^ven the mechanic, though guided, in the uie 
pf %\i\s agent, by tl|e Jaws 43^ iw4rpft?tties and 
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hidrodynamiGs, ought not to negleft the know^ 
ledge he may derive from chemiftry, relative 
to this moft important fubftance. This infor- 
mation is no lefs indifpenfable to the agricul- 
turift, and the phyfician ; for water pferforms a 
leadings part as the food or aliment of plants^ 
and animals, and as a remedy in the difeafe* 
of man and animals. — ^The mineralogift can ac- 
quire no certain ideas relative to the nature and 
difference of the waters of the earth, without 
poffeffing chemical knowledge. In fhort, the 
refults of the chemical a6):ion of water, upon all 
the fubflances of Nature, and in all the pro* 
du6iions of the arts, are fo numerous, and of 
fuch utility, that each of the following articles 
of this work, will afford continual inftance^ of 
the applications of water to every branch of na? 
tural philofophy. ■ ■ -^ 



Article III. 

Of Oxides, Metallic and not Metcdlie, ^ 

J. IT is my intention^ in this place, to fpeak 
of the metallic oxides, and the oxides afforde4 
Iby feveral other combuftibles, only in a ge? 
Beral manner, in order to render the hiftory of* 
burned bodies, !to which the prefent fe6l;ion k 
devoted, more complete, and methodically fyf- 
tematic. With refpe6l to the oxides, fon>e will 
be examined at length in the particular hi&ofy 

of 
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'of metals, which will form the fubjeft of the 
fixth feftion of the prefent work ; others have 
either been already noticed in the preceding 
feftion, or will be treated hereafter, with all the 
care and extent which the importance of fome 
of them demands. The intention of this arti- 
de, therefore, is only to afford a fummary view 
of their Nature and differences, by confidering 
them as forming a fpecies of bodies, the Nature 
of whieh belongs to the feries of compounds, 
which forms the fubjeft of the prefent feftion. 

2. The metallic oxides are produced by the 

combuftion of fnetals ; they are either natural 

or artificial, and feldompure in the native ftatef 

it is to the art of chemiflry that we are indebted 

for the preparation of mofl of thofe employed 

for various purpbfes, in the proceflfes of the arts 

and manufadures. Mofl oxides are powders of 

A'arious degrees of finenefs, heavy, hard, and 

tinged with various colours, the mofl brilliSnt 

and durable in their nature, fuch as we admire 

in coloured glaffes, enamels, and on China ware; 

Their tafte is almofl always rough, acrid, and 

cauflic; fome neverthelefs, are almofl infipid^ 

Thofe, which, on account of their ca'uflicity, 

are ranked among the mofl violent poifbns, owe 

their poifonous property to the oxigen, which 

adheres in a very weak degree, and is capable of 

being attracted by aninial fubflanc^s : thofe 

on the contrary, which are either infipid, 'or 

nearly fa, retain the oxigen very flrongly, and 

ajfi not deprived of it but with diflficulty* 

3. They 
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3. They are prepared either with or without 
heat ; by fufion of the metals, or without fufion ; 
by the fimple contaft of air ; by pure oxigen 
gas, or the decoiripofition of water : thefe efFeds 
^re relative to the attra6lion which each feveral 
metal has for oxigen.' This principle is con- 
tained in the oxides, in a more or lefs folid ftate, 
or more or lefs deprived of caloric : it is partly 
to this ftate of the"* oxigen that we miay attribute ' 
trhe facility with which it feparates from fome, 
and the difficulty it meets with in feparating 
from other oxides. 

4. AH the metals not only require each fe^ 
verally a differcint quantity of oxigen, to be-* 
come faturated, but each particular metal, ac- 
cording to the manner in which it is treated, 
for the purpofe of oxidation, abforbs different 
proportions of this principle. There are fome 
which are found in four or five ftates of oxida- 
tion different from each other. We may there- 
fore admit or imagine, in a metal which has at- 
tained its maximum of oxidation, different 
portions of oxigen, added, as it were, to each 
other ; and as it is a law of chemical attraction, 
that the attraction afts in the inverfe ratio of 
the faturation, it is evident that the firft quan- 
tity of oxigen combined with a metal, adheres 
inore firmly than the fecond, and the fecond 
more firmly than the third, fo that the laft 
which is added can be feparated with more 
facility than any of the others. This effential 
diftinCtion is ^ fouj-cp of very , important appli^ 

cations, 
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cations, by which we may account for, and 
explain a great nun^ber of chemiGal pheno- 
mena. 

5. Light being moved in a different manner, 
and refleded -with a particular motion from th^ 
furfaceof each metallic oxide, produces a change 
ia each, according to its nature, and tends 
again to bring them to the metallic ftate, to re- 
duce or unburn them. In this refpe6l there are 
great differences between the various metallic 
oxides, according to the attradion exercifed 
by oxigen lipon the radicals, and the. flrength 
of its adherence. Hence the changes which 
metallic cplp.urs undergo, whei^ expofed to tho 
a6lion pf ;Iigl^ in tranfj^ent velTels, and the 
necefl&ty , pf j Jceeping them in opaque vafes, to 
preferver tberii from undeigoing any alteration : 
the vitrified oxides, or thofe combined with 
glafTes, either do. not change at all, or are much 
lefs fufceptible of alteration than the others, 
from the contact of light. 

6. Caloric ; completely decompofes fuch me- 
tallic oxides as contain but a fmall portion of 
oxigen : from fome it attrafts only a part of 
their oxigen, which it converts into gas : on 
others it produces no effeft, and there are fome 
which it f ufes into glafs. If its a6lion be af- 
fifled by light, its decompofing property is 
more eflFeQ;ual. 

7. Oxigen produces no change in faturated 
oxides, but is often abforbed by thofe which 
coutain only a fmall quantity of this fubflance. 

The 



so itiTAtttC 6Xlt)ti. 

The fame effe6i: takes pla^e with the bxig^tt ol^ 
the atmofphere. But we are acquainted with 
no aftibn of azote upon the metallic oxides. 

8^ Hidrogen decompofes all thofe oxides, the 
tnetallie radicals of which do not deconipofe 
"watei^; it frequently attracts the remaining por- 
tion)^ of the oxigen, even from thofe whofe 
metallic particles do decompofe water. This 
eflfeQ; takes place, either in the cold, or at a 
more or lefs elevated temperature* By this 
union of hidrogen with oxigen, water is formed,, 
tod the oxides refume the metallic ftate. 

* 

9. Carbon, at the temperature of ignition, 
decompofes all the metallic oxides ; but it fd- 
dom produces any change in them without 
heat. It is by this fubftance that the Oxides 
are moft frequently reduced, ^nd metals ob- 
tained. By the union of the carbon and oxigen 
in this procefs carbonic acid is generated. 

10. Phofphorus Hecompofes feveral oxides in 
the cold, but ftill more with heat : it forms 
phofphoric acid, and alfo reduces the oxides, or 
brings them to a metallic (late. Phofphorated 
hidrogen gas a6i:s, in the fame manner, on bur^* 
ed bodies, but more lapidly than phofphorus it- 
felf. 

11. Sulphur decompofes but very few. of the 
metallic oxides^ or only deprives fome of them 
of a portion of their oxigen; with others it 
combines perfe6lly, and forms fulphurated ox- 
ides. Sulphurated hidrogen gas a6fes quickly, 

. . . and 
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and e^enata cold temperature upon manyox- 
idesy by the double attra(3iou of the hidrogcn 
fdir part of the oxigen, and <rftlie left oxided 
metal for ftflphur- It will, hereafter, be fcen, 
that this a6tion is the fource of many very re- 
markable phenomena, and chemical combina* 
nations. 

, 1 2. There is no aftion known to take place 
between the diamond and the metallic oxides. 
Some metals ad; upon feveral of the oxides, and 
decompofe them, either completely, as is the 
eafe, when they have more attraction for ox- 
igen than the radicals, or partially, by depriv- 
ing them of a portion of this principle, and by 
becoming oxided themfelves, fo as to remain 
with the former, in a fort of equilibrium of oxi- 
dation. This eifeft whicji takes place, in fome 
cafes, in the cold, and, at others, only by heat, 
affords many ufeful applications to the pheiio*- 
mena of chemiftry, as will be feen hereafter. 
On paffing from a metallic oxide into another 
metal, according to the laws pf attraftion, the 
oxigen, in its new combination, fometimes ac- 
quires a more folid ftate : a portion of caloric, 
and frequently even of light, is then difengaged, 
and the reduftion of the primitive oxide, and 
the formation of the other is accompanied with 
inflammation. This effeft is feen on the reduc- 
tion of the red oxide of mercury, by zinc, tin, 
&c; a defcription of which I Ihall hereafter 
give; . 

13. Water 



' 13. Water a6ls only, in a mechanical way, tttt 
a ^eat number of metallic oxides^ and ferve» 
to divide them^ or to Separate their particles,, 
according to their degree? 6f minutencfs, as is 
done in many of the arts. There are fome ox-^ 
ides which it diffolves, and which, in this pro* 
perty, approach to the nature of acids. Thofe: 
fufceptible of affuming the charafter qf acidity, 
ate alfo foluble, moi^e or lels, in water, . lik© 
acids. 

14. The metallic oxides aclupon each other 
by means of caloric. Some are fufed and vi- 
trified by others ; and, in this cafe, they fre* 
quently, by a kind of equilibrium of attra6lion, 
divide the oxigen in a diiferent proportion from 
what it before exifted in each. Hence, it is, 
that their colour, weight, hardnefs, and, in 
ihort, all their properties are changed in this a6l 
of combination. 

15. Befides the metallic oxides, and the ox- 
ide of hidrogen, which have already been treat- 
ed of, azote, phofphorus, and fulphur, when they 
begin to be burned, or when combined with a 
fmall portion of oxigen, afford to our obferva- 
tion thofe kinds of oxides which precede their 
converfion into acids. From this caufe, accord- 
ing to the remark of M. Humboldt, it is, that 
phofphorus does not abforb all the oxigen of 
the air, but retains, in the azote gas which is Sa- 
turated with it, a fmall portion of oxigen gas, 
and, by this means, conftitutes a gafeous oxide 
of azQte^ and of phofphorus, or an azoturct of 

oxided 
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oxided phofphcxrus. With regard to the difFe- 
rent oxides under their various forms, fome 
have aheady been mentioned under the articles 
of the fecond feftion, in which they are treated. 
The oxide of azote \vill form the fubje6l of a 
more particular inveftigation, when 1 fhall treat 
of the nitric acid ; for it muft be admitted, that 
the nitrous gas, fo often afforded by the partial 
decompofition of this aci^j is a true oxide of 
azote. With refpeft to the oxides of phofpho- 
ru8 and fulphur, I have already obferved, that 
phofphor us flowly burned by the aid of water, 
forms a white and crumbly duft, detached, and 
falling down from the folid and tranfparent 
phpfphorus : this is the white oxide of phof- 
phorus. l^Tien by ftrong, or rapid combuftion, 
a portion remains in the form of a powder, or 
in red fcales ; this is the red oxide of phofpho- 
rus, nearly approaching to the acid ftate. The 
fame effeft takes place ^with fulphur : when it 
has been heated or melted, for fome time, w4th 
the conta6lof air, it becomes red or brown, and 
is then in the ftate of oxide of fulphur. It doe.s 
not admit of a doubt, that phofphorus and ful- 
phur, in thefe oxided ftates, muft have proper- 
ties of a different nature from thofe combuftible 
hodies in the i>ure ftate, and that they deferve 
^onfiderable attention from chemifts. 

16. It is very remarkable, that hidrogen can 
never be united to a ftate of oxidation lefs than 
that which forms water ; and, as the water it- 
self can no longer abforb a frefh portion of o^ji- 
VpL. II. D ^en, 
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gen, we may conclude, that the two bodies, hf- 
drogen, and oxigen, can only unite in a deter- 
minate proportion. The fame efte6l'was fup- 
pofed to take place with carbon, of which the 
oxide was either not admitted, or unknown^ 
But out of more than twenty -four combuftible 
bodies, either acidifiable, or funply oxidable,. 
there are only hidrogen and carbon, to which 
this conclufion is fuppofed to be applicable; for 
nothing is known, with certainty, as to the ox- 
idation, or acidification of the diamond. We ^ 
may, however, be permitted to believe, with fe- 
veral modern chemifts, that carbon in a ftate of 
common and black chaicoal is a kind of oxide 
of carbon :. for it will be feen hereafter, that iu- 
many natural combinations, where it is notpar- 
ticularlv oxided, it has not a black colour, and 
that it adopts this colour only when it is infu- 
lated and has began to be burned. 

17. The laftkind of oxides, of which I fliall 
here fay a few words, are thofe denominated- 
compUcated oxides, or oxides with binary radi- 
cals. Thefe arc* ternary compounds of hidro- 
.gen, carbon, and oxigen ; the laft mentioned 
fubftance being united, at , the fame time, tee- 
the firft and fecond, is not in fufficient quantity" 
to faturate each individually : they areacidifia— 
ble by an accmnulation of oxigen. They are?^ 
found in vegetables, of which they rcprefent, oxr 
conftitute the immediate materials. In the fe— 
venth feftion of this work, they will be treated 
of at length. 

18^ FroiTL 
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18. From thefe general confiderations it ap- 
pears, that there are four very different kinds of 
oxides, which may be diftinguilhed, and deno- 
minated as follows : 1. Primitive binary oxides^ 
fufceptible only of one proportion, and faturat- 
ed in their principles from their firft combina- 
tion : in this clafs, there is only water, or the 
oxide of hidrogen. 2. Variable binary oxides : 
fuch are moft of the metallic oxides, which may 
differ according to the proportion of oxigen 
they contain, or exifl in diflterent flates of oxi- 
dation. 3. Acidijiable binary oxides ; or thofe 
which, by a new addition of oxigen, pafs from ' 
the flate of oxides, to that of acids : there are 
four metals, arid phofphorus, fulphur, and azote, 
which admit of this change. 4. Ternary ar- 
ides: in this clafs, I comprehend carbonated 
hidrogen, or hidrogenated carbon, both oxi- 
genated. 

19. Laflly, if we confider the operations, or 
phenomena^ by means of which the oxides and 
the acids are obtained, by burning, or uniting 
combuflibles \vith oxigen, it will be feen, that 
this phenomenon may, in general, be com- 
prifed under the name of oxigenation, as a ge- 
nus containing two fpecies, namely, oxidation 
and acidification. Thefe views will be deve- 
loped in feveral of the following articles, which 
they will, at the fame -time, tend to elucidate. 
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Article IV. 

Of Acid^ in general, and their ClaJJification. 

1. WE denominate acids, thofe burned or 
oxigenated bodies which are charafterifed by 
their four tafte, their property of reddening fe- 
veral blue vegetable colours, their ftrong attrac- 
tion for mod fubftances, and, by the formation 
of falts, when they are combined with the bafes 
which will be treated in the following feflion. 

2. Of all the acids, witli which we are ac- 
quainted, the greateft number, when analyzed 
by different means, appear to be compofed of 
combuftible fubftances and oxigen. Many are, 
alfo, formed immediately by combuftion ; they 
may alfo be procured in a natural ftate, and may 
be obtained from the places where they are dif- 
covei^d, fometimes in a pure ftate ; or other- 
Avife, they may be feparated by elective attrac- 
tion, from the compounds which contain them. 

3. As the intimate compofition of moft of 
the acids is known, and as they are conftantly 
found to contain oxigen, their acidity is attri- 
buted to this principle, from which it Itbs re- 
ceived its name from this effeft. This dodrinc 
is proved by three principal fads. Bodies be- 
come acid only by abforbing oxigen : and on 
depriving them of this principle, either totally, 

or 
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ov in part, their acidity is- dcftroyed or dimi- 
ni filed. 

4. Since oxigen, or the acidifying principle, 
is common to all the acids, it is natural to attri- 
bute their generic acid properties to this prin- 
ciple, and the fpecific, or particular properties 
in each individual acid, to the body which is 
oxigenated by it, the cfFe6l of which muft vary 
in each of its compounds. This is denominated 
the acidifiable body, the bafe, or radical. The 
laft of thefe tenns, which is now moft generally 
employed, implies, that the acidifiable matter to 
which it is given, is, in fome degree, the root 
of the properties which charafterize each kind of 
acid, 

' 5. Though the number of acids in nature, 
is very confiderable, we ihall here fpeak only of 
thofe which are formed by the fimple or unde- 
compofed fubftances examined in the preceding 
fe6lion. The diftinftion of mineral, vegetable, 
and animal acids, as formerly employed, will 
not be preferved, becaufe it has produced 
many errors, and becaufe they ought to be 
confidered rather by their intimate nature 
than by their origin. It muft, however, be 
obferved, that thofe, which are here treated 
of, belong more properly to foflil than to or- 
ganized bodies, being fnnple binary compounds, 
the radicals of which cannot be decompofed ; 
whereas the acids, which are found in plants, 
are formed of binary radicals, and thofe of ani- 
mals, 
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mals, often of ternary radicals, but always unit- 
ed with oxigen. 

6. Carbon, phofphorus, fulphur, azote, and 
four metals, are the eight undecompofed com- 
buftible fubftances, which, when combined with 
a fufficient portion of oxigen, form the acids 
with fimple or undecompofed radicals belonging 
to this fe<5lion. There are alfo three acids which 
appear very analogous to, and equally fimple 
with the preceding, and, like them, belong to 
the clafs of foffil, or mineral acids, though wc 
have not yet been able to effeft their decompo- 
fition; but they ought, neverthelefs, to be 
placed in the fame feries. Thefe are the muri- 
atic, fluoric, and boracic : thus, by- ranging 
them after the carbonic acid, of which carbon 
is the bafis ; the phofphoric acid which has 
phofphorus for its r^^dical ; the fulphuric which 
is formed by fulphur; the nitric, compofed of 
azote ; and the four metallic acids : the whole 
will amount to eleven acids, all of which are dif- 
ferent from each other. 

7. But as feveral radicals of thefe acids may 
be acidiliefd in two ftates, accordingly as they 
have been more or lefs completely burned, ox 
oxigenated, which has been already mentioned 
in the preceding feftion, we may add^ to the 
above-mentioned eleven acids, the phofpho- 

'reous, fulphureous, nitrous, and dn€ of the me- 
tallic acids, which will augment the whole num- 
ber to fifteen. AikI as the muriatic acid may 
^alfo be combined with oxigen, and pafs to the 

particular 
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particular ftate of oxigcnated muriatic acid, the 
total number to be treated of in this' feclion 
amounts to fixteen. 

8. It js almoft fuperfluous to obferve; in this 
place, that the two different tenninations of 
the names applied to acids, explain the particu- 
lar ftate of thofe compounds; thofe, for in- 
ftance, terminating in ous are lefs charged with 
oxigen, than thofe which terminate in ic ; that 
the fpecific names of the acids, are, in general^ 
taken from thofe of their radicals ; that though 
this rule has not been adopted, with refpeO; to 
the nitric and nitrous acids, which having azote 
for their radical, and ought apparently to have 
been denominated azotic and azotoiiSj it is bc- 
caufe the authors of the nomenclature, not being 
fatisfied with the firft denomination, which they 
had but provifionally adopted, though it has 
remained for ten years, were, at the fame time^ 
inclined to refped the ancient names of nitric 
and nitrous^ which were generally adopted. 

9. All the acids contained in this feclion, have ' 
a four tafte ; but in fome this tafte is fo ftrong, 
as to render them cauftic an4 terrible poifons ; 
m others, it is in fome degree moderated, while, 

, in certain fpecies, it is weak and never four : 
hi general, however, this tafte, like alltlie acid 
properties, follows the inverfe ratio of the ad- 
herence of the acidifying principle. The ftrong- 
er. the attraftion of oxigen for the radical, the 
weaker is the tafte, yhich fliows us that the 
caufticity is owing to the eafy fep^ration of this 

principle, 



/ 
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principle, and its more or lefs rapid tranfmiflion 
to animal fubftances. 

10. The property of changing blue vegeta- 
ble colours to red, which was formerly, fuppofed 
to be an effential charafter of the acids, varies 
confiderably, and is, at prefent, only a fecondary 
charkfter. There are feveral blue vegetables, 
which undergo but very little change by the 
a6lion of thefe compounds ; fome acids redden 
only the moft weak and delicate blues ; others 
change the nature, injure, and even deftroy this 
colour. But there are fome which fcarcely, in 
the fmalleft degree, or even not at all, aifeft the 
moft delicate colours. 

11. Some of the binary acids, or thofe with 
iimple radicals, treated in this fe6lion, are de- 
compofed by light ; caloric volatilizes many, 
gafefies feveral, and fufes others, which are fixed 
in glafles. They have little or no a6lion upon 
oxigen gas, if we except the acids terminating 
in ous^ which have not been faturated, and ab- 
forb it ffraduallv. Some attra6l the water dif- 
folved in the atmofphere ; others affume the 

. ftate of vapour, and become diflblved ; and 
others remain unchanged. Simple combuftible 
bodies aft very difl'erently upon the acids : ac- 
cording to' the force of attraction which exifts 
between their radicals and oxigen, they are 
either decompofed, or not decompofed by fome 
of thofe bodies, as may be feen in their indivi- 
dual hiftory. Moft of them are eafiJy fpluble in 
water : they all combine with moft of the me- 
tallic 
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tallic oxides, and form falts that will be ex- 
amined in the fe6lion on metals. 

12. From the 2:eneral differences which have 
juft been dated, we may derive various methods 
of claffing the acids. It will be iirft obferved, 
that fome are obtained bv dire6l combination, 
and are decompofable, while the component 
parts of others continue ftill unknown as to 
their parts, as they have never been decompofed, 
nor can be artificially produced by combina- 
tion. When confidered with refpeol to theif 
ftate of acidification,' there are fome which are 
weakly, and others ftrongly acidified. The 
names of the former terminate in ous^ and thofe 
of the latter in ic. 

Some acids can affume the form of gas, while 
others can only be obtained in the liquid ftate; 
fome others are folid. The radicals of fome 
are not metallic ; others have metals for their 
bafes. Several are reckoned among the moft 
violent cauftics, and fome are but flightly 
acid. 

But thefe diftin6lions can neither be indif- 
tin6lly adopted, nor combined together; not 
only becaufe this adoption would produce a 
very unequal divifion of the acids, but alfo be- 
caufe it would aiford no real advantage.' Be- 
fides which, fince the fixteen fpecies only of 
acids do not require any very confiderable feries 
of diftin6tive properties, when thofe acids^ 
whofe compofition is known, are firft treated, 
and afterwards the unknown^, or undecom- 

pofed 
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pofed acids, Avliich, as I have already obferved, 
have, neverthelefs, too ftrong analogies tb admit 
of their being feparated from the former : — I 
ihall only arrange the former, according to the 
degree of attraftion which their radicals poffefs 
for oxigen, fo that the firft in order ihall be the 
leaft, and the latter the moft decompofable ; and 
the latter, namely, thofc which are undecom- 
pofable, will be arranged according to their re- 
Ipeftive powers of attraftion* After each acid 
faturated with oxigen, I fliall place that which, 
though it has the fame radical is lefsoxigenated, 
and is not fo ftrongly acid as the firft. From 
this fimple claflification, which pofTelTes the ad- 
vantage of continually prefenting to the memo- 
ry the moft important chemical fa6ts, namely, 
thofe of the eledive attraftions, I fliall proceed, 
to examine, under feparate articles, the carbonic ; 
thepholphoric; the phofphoreous; the fulphuric; 
the fulphureous ; the nitric ; the nitrous acids, 
and the metallic acids in general (which I fhall 
here confider only as a genus of acids, becaufe 
they will be examined at length in the fe6lion 
devoted to the particular hiftory of metals) ; the 
muriatic ; the oxigenated muriatic ; the flu- 
oric ; and the boracic acids. Five metallic 
acids being thus comprifed in a fmgle article, 
there will be twelve articles required for treat- 
ing of the fixteen acids. 



Article 
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Article V, . 

Of the Carhomc Acid. 

f 

1. THE carbonic acid, formed as has beea 
feen, and as its name implieSj by the faturated 
unioTl of carbon and oxigen, the conftant pro- 
duce of the combuftion of charcoal, which here 
poffeffes the firft place in the order of acids, 
will always* hold a diftinguiihed rank among 
the difcoveries of the eighteenth century, be- 
caufe it has led to a number of other difcoveries 
which have produced the chemical revolution, 
and given birth to the pneumatic theory. It 
is neceffary, therefore, to trace its hiftory in a 
few words, becaufe it is intimately conuedted 
with one of the greateft epochas in the hiftoiy 
of chemiftry, and becaufe it is intimately con- 
nefted with the advancement of the fcience. 

2. The ancients conlidering it as a peftilential 
vapour, diftinguifhed it by the name of Spiritus 
Lethalis. Paracelfus and Van Helmont con- 
'€eiv€d it to be ^ particular fubftance, and called 
it Spiritus Sylvefiris, and gas. HaleSj though 
he fuppofed it to be corrupted air, diftinguiflied 
it by the appellation of fixed air, under which 
name it was Jcnowh for a long time. Boerhaave 
obtained it by faline effervefcence in a vacuum, 
and imagined it to be attnofpheric air. Frede- 
ric 
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ric Hoffman difcovcrcd it in the acidulated mi- 
neral waters, and, called it the acid vapour, and 
ethereal principle. Venel was the firft who, in 
1755, fixed it in ptire water, and imitated a ga- 
feous mineral water, by diffolving the elaftic 
pjoduc€ of an effervefcence, though he attempt- 
ed to prove that it was air. 

In the year 1757, Black aflferted that it is a 
peculiar fubftance, different from air ; cdmmon- 
ly faturating clialk and the alkalis, depriving 
them of their caufticity : and he permitted it to 
retain the name of fixed air. Immediately after 
him, foUoM'ed Cavendifh, Macbride, Lane, Jac- 
quin, Prieftley, Bewley, Bergmann, Rouelle, and 
Chauines, who examined it with more or lefs 
attention, and difcovered many of its properties 
and combinations, as well as its chemical attrac- 
tions. After the refult of their inquiries had 
b^en made known, it was generally confidered 
as an acid. 

In the year 1776, Layoifier accurately de- 
termined its nature and compofition, and af- 
ferteci that it is formed of the pure part of 
charcoal and vital air, M^hich truth had been 
difcerned by Cavendifii at leaft ten years pre- 
vious to that period. It was laftly decompofed- 
by Tennant and Pearfon, who niade an ac- 
curate analyfis, and difcovered that it con- 
tains the principles indicated by Lavoificr, viz. 
carbon and oxigen, and even in the fame pro- 
portions which he had announced. The in- 
veftigations of the above-mentioned chemifts, 

during 
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during a fpace of twenty years, afforded more 
information relative to this acid, fo long un- 
known to mankind, than was known with re- 
fyeSt to the other acids which had been dif- 
covered feveral centuries before that period. 
Thefe inveftigations alfo led to the ftudy of 
the elaft^c fluids, and to the revolution that 
has taken place in chemiftry. 

3. From the numerous experiments made on 
this acid during the courfe of twenty years, it 
is not furprifing that it fliould have received 
many different names. Such are, after thofe of 
fpiritus fylveftris, or It-thalis, the names of fixed 
or fixable air, which at firft were generally 
adopted; afterwards thofe of mephitic acid, 
and aerial acid, the former given by Bewley, 
and the latter by Bergmann. The French for 
fome time, adopted the denomination of 
Bucquet, who called it cretaceous (craieux) 
acid* Lavoifier, after having compofed it in a 
dire6l way, diftinguillii^d it by the name of 
acid of charcoaV which at the epoch of the me- 
thodical nomenclature, in 1787, was changed 
to that of carbonic acid ; and this denomina- 
tion is at prefent generally adopted, 

4, Though the moft flriking, and in fome 
degree, the moft chara6leriftic ftate of the 
carbonic acid is that of elaftic fluidity, it is 
not in this ftate that it is found moft frequently 
and in the greateft abundance upon our globe.. 
It is met with in the form of gas in many fub- 
terraneous caverns, in the Grotto del Cano, 

near 
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near Naples, and generally in thofe countries 
trhich were formerly, or are at prefeiit fubje6i 
to volcanic eruptions: it exifts in a gafeous 
ftate in the air of the atmofphere, but combined 
only in the proportion of one or two parts in 
an hundred ; many of the natural waters hold 
it in folution : in fliort it forms a conftituenfc 
part of a number of falts and minerals, in 
which it is contained in a folid form ; whence 
we may conclude, that Nature prefents it in 
the three ftates of gas, liquid and folid. In this 
refpeft, it appears to be the moft abundantly 
diffufed of any acid : and if any of them 
could deferve fuch an appellation, the carbonic 
ought in preference to be denominated the 
univerfal acid. 

5. Notwithftanding 'the abundance in which 
the carbonic acid is affordfed by Nature, as it 
is feldom pure and at the difpofal of chemifts in 
its ftate of gas, it is obtained artificially in 
this ftate, by a number of different proceffes* 
Thofe procelfes are reduced to two claffes ; car- 
bonic acid gas is either foiined by dire6l com- 
bination, by burning charcoal in oxigen gas, 
by decofnpofmg the metaUic oxides, &c. by 
means of charcoal, affifted by heat, in the 
pneumato-chemical apparatus ; by accelerating 
the fpontaneous decompofition of faccharine 
vegetable fubftances, by the vinous fermenta- 
tion, or by diftilling at a ftrong heat, moft oT 
thofe fubftances, in the refiduum of which the 
carbonic acid gas is found in abundance; or 

elfe 
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elfe this acid gas is extrafted from the faline 
compounds, of which it forms a part, either by 
heating thofe compounds in hited veffels, or by 
caufing it to be difengaged by means of acids 
ftrongerthan itfelf. Among thofe proceffes the 
latter is generally preferred on account of ita 
fimplicity, its facility of operation,^ and of the 
fmall expence it requires. We ihall fpeak of 
this procefs more at length, under the article of 
Salts; and it will therefore only be neceffary to 
obferve here, that as in moft compounds, the 
carbonic acid is fplid, it is a neceffary condi- 
tion, that at the inftant of its feparation, it 
ihould find a portion of caloric difengaged, to 
convert it into an elaftic fluid. 

6. Carbonic acid gas, whetliei' taken from 
the fubterraneous caverns, where it abounds, of 
extrailed from thefubftanccs which contain it, 
is, as may be readily conceived, a combination 
of oxigen and carbon, fufed in caloric, or a 
kind of ternary compound. To preferve it* 
elaftic fluidity, a great quantity of caloric is 
not neceffary, becaufe that which held the 
oxigen in folution, is partly difeng'aged during 
the folution of igr»ited carbon in that gas. This 
^.eriform acid, which chemifts have fo Ions: con- 
founded with air, differs confiderably from that 
fluid in all its properties. Though very tranf- 
parent, and in moft inftances equally invifible 
as air, it is often rendered vifible and v-aporous* 
by water, which it holds in folution, as well as 
by fmoke, which, remaining at its furface, and 

fupported 
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fupported by reafon of its greater denfity, formal 
a ftratum between it and the atmofphere. It is 
nearly double the weight of common air, fo that 
it may be poured from one veflel into another^ 
where it difplaces the air, and remains in veffels 
opened at the top, in cavities of the earth, and 
may be made to flow from cocks, in the fame 
manner as a liquid. When poured in the fun- 
fliine, into a veflel full of air, its denfity being 
greater than that of water, caufes it to become 
flightly vifible by the undulations and veins 
which it forms on pafling through this fluid. It 
is not fit either for combufl:ion or refpiration. 
It ftupefies and fpeedily kills animals, depriving 
the heart and mufcles of all irritability, fo that 
they are no longer aff'e6led by the Galvanic 
power. It extinguiflies lighted bodies in the 
fame manner as if they were plunged into wa- 
ter. 

7. It has a particularly pungent fmell, which 
may be perceived above the veflels in which 
wine or beer is in a ftate of fermentation : it is 
alfo exhibited in lively Champaigne wine. 
When an operator wiflies to difcover its pre- 
fence, by holding his noftrils over a veflel in 
which it is contained, he fliould be careful not 
to breathe it incautioufly ; becaufe it excites 
cough and fneezing, and produces fuch a degree 
of giddinefs and weaknefs as may occafion 
fainting. This gas is alfo found to poflefs a 
tafle rather acid and pungent : it eafily reddens 
the tindlure of turnfol, which when expofed to 

the 
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the air, refumes its blue colour in proportion 
as it is deprived of tfiisacid, which is gradually 
attrafted by the air of the atmofphere* 

8. Carbonic acid gas^ admits the paffage of 
light, and refrafts it without undergoing any 
fenfible alteration ; it will be feen, however, in 
the. fequel, that it tends to decompofe it, and 
favours the feparation of its principles by other 
bodies. Caloric dilates this gas in a propor- 
tion, which, when compared to the fufcepti- 
bility of dilation polfeffed by other elaftic 
fluids, has not yet been determined. Carbonic 
acid, whether liquid or folid, has fuch a ten- 
dency for fufion in caloric, and fo great a dif- 
pofition to become gafeous, that it is feparated 
by fire from moft of the compounds which con- 
tain it, and is thus difengaged in the form' of 
an elaftic fluid. 

9. There is no known aftion between carbonic 
acid gas and oxigen. It cannot abforb a greater 
quantity than it contains, or become fuper- 
oxigenated. When this acid gas is mixed with 
oxigen, it may be refpired, provided the for- 
mer does not exift in a greater proportion than 
one third of the latter, for then it a6ts upon 
the lungs, and injures the individual by whom 
it is refpired. Carbonic acid gas, when left 
in contact with air, is gradually diffolved ; and 
the more this contaft is increafed, the more 
perceptible is the folution. In a large and open 
veffel the carbonic acid gas is quickly dif- 
fipated ; in a long narrow veffel, the orifice of 

Vol. II. E which 
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which is clofed, it remains a much greater 
length of time before it is diffolved in the air. 
It has been already obferved that the air of the 
atmofphcre always contains a portion of this 
gas, equal to 0,01 or 0,02. It may be encreafed 
to 0, 10, and infpircd without danger by patients 
who have fymptoms of ulceration or inflamma- 
tion of the lungs, which it is known either 
ta cure, or to retard their deftru6live effefts*- If 
this gas, mixed \^ith air, remains at refl, in a 
dofe exceeding a few hundredth parts, it pre- 
cipitates and occupies the lower part of the 
veffel. 

10. We are not acquainted with any attrac* 
tion between azote and carbonic acid. Carbon 
having a much greater attra6lion for oxigen 
than is poffeffed by azote, the latter produces 
no change in carbonic acid. On mingling car- 
bonic acid gas with azote ga;^, the former being 
yet more denfe in comparifon to the latter than 
it is with refped to the air, is feparated more 
rapidly, and fubfides towards the bottom of the 
veffels in which the mixture is made. 

11. Though the attraction of hidrogen for 
Dxigen, at a coid temperature, is greater than 
that of carbon, fince the latter, as has been 
iliown, decompofes water only at the tempera- 
ture of ignition, yet hidrogen gas has no aClion 
upon carbonic acid gas at any temperature. 
Thofe elaftic fluids, when mixed, feparate ac- 
cording to their fpecific gravity; this efFe6l, 
doubtlefs arifes from their gafeous ftate; for 

every 
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every circumftance announces that hidrogen, 
either in a liquid or folid form, uiuft be capa* 
ble of decompofmg carbonic acid in the fame 
ftatCi Though no proof of this fact has yet 
been obtained, it neverthelefs probably takes 
place in the animal and vegetable compounds : 
we ihall refume this important topic in the 
feventh and eighth fefilion^ of the prefent 
work. 

12. There is no known attraftionor chemical 
combination between carbon and the carbonic 
acid, which cannot abforb a greater quantity of 
this principle than it contains. We have, how- 
ever, been told of a carbonous acid, that is to fay, 
the carlionic acid loaded with carbon. In the 
courfe of the prefent work, it will be feen that 
the vegetable acid matter, the acid of nut- 
galls, in which this combination has been af- 
ierted to exift, cannot be confidered as fuch, 
becatife it at the fame time contains hidrogen, 
which is effential to its nature, as a ternary 
compound. Heated charcoal has the property 
of abforbing and condenfmg carbonic acid- 
gas between its pores ; the latter, however, ad- 
heres but nightly, and an immerfion for a few 
feconds under water, is fufficient to effe6l it^ 
fepjtration, either by difol ving or difengaging it. 

13. Phofphorus has no aclipn upon the car- 
bpnic acid ; it does not diffolve in this gafeous 
acid at any temperature whatever ; it does not 
Qh^Qge itf^ nature; becaufc the attradion of 
Q%rbo9.^ for oxigeu at the red , heat^ is greater 

E 2 " than 
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than that of phofphorus for the fame body. It 
will, however, be feen hereafter, that by means 
of a difpofmg attraction, the carbonic acid may 
be decompofed by phofphorus. 

14. Sulphur, being ftill lefs attrafted by 
oxigen than phofphorus, and confequently much 
lefs than carbon, does not aft upon carbonic 
acid in any manner, npr at any temperature. 
It has been alTerted that it is partly diffolved 
by heat, in thisgafeous acid, and that it in feme 
degree imparts the fetid odour of fulphurated 
hidrogen gas ; the fame effeft muft take place 
with phofphorus ; but thefe flight and tran- 
fient folutions are momentary fufpenfions, and 
not real combinations. 

15. The hidrogenated, carbonated, phof- 
phorated, and fulphurated gafes do not a6l upon 
carbonic acid in any manner that can be per- 
ceived or eftimated. By a mixture of the laft- 
mentioned with the former gafes, however, their 
inflammability is diminiflied or entirely pre- 
vented. We meet M'ith fimilar mixtures^ in fe- 
veral analyfes, particularly in the products of 
the decompofition of animal and vegetable fub- 
llances. The inflammable gas generated in 
marflies, is often that of carbonated hidrogen, 
intimately mixed Avith carbonic acid gas. The 
fulphurated hidrogen gas obtained from ful- 
phureous fprings, is alfo frequently mixed with 
carbonic acid gas. ^ 

- \6. The carbonic acid does not aft upon the 
diamond ; it can have no other relation than 

what 
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what refults from the natural analogy that ap- 
pears to exift between the pure adamantine 
fnbftance, and the radical carbon of this 
acid. • ' 

17. Moft metals undergo no alteration by 
the conta6t of the carbonic acid; fonie of 
thofe which have the greateft attraftion for 
oxigen, become mucli more capable of de- 
compofing water, and depriving it of its oxid- 
ing principle, when the carbonic acid is at the 
fame time in contaft with the metals and water; 
a proportion of hidrogen gas being then difen- 
gaged. This efteft takes place in confequence 
of the difpofing attra6lion which exifts between 
the acid and the metallic oxides. Hence it 
may be obferved, that there is no union be- 
tween the metals and carbonic acid, arid that 
it commences only at the inftant when the 
oxidation of the former takes place. It ap- 
pears, however, that iron, like phofphorous, is 
capable of decompofing the carbonic acid, 
united to a bafe, and to this is owing the im- 
portant fabrication of caft fteel, by igniting 
iron with marble, and the earth of crucibles, 
according .to the difcovery of Citizen Clouet: 
This fubjeS; will be treated under the article 
Iron. : ' 

J^ There is a confiderable attraftion be- 
tween water and carbonic acid gas. On leaving 
this gas in contaft with water, the latter gra- 
dually abforbs it, and caiifes it entirely to dif- 
appear.* When liquid cold water is agitated 

with 
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with carbonic acid gas, the combination takes 
place with much greater rapidity. It is ge- 
nerally faid that the water diffolves the gas ; 
but this is an erroneous expreffion, fnice the 
term to diffolve can only be applied to a folid 
body which melts in a liq^uid. It is proper to 
obferve that the water condenfes and liquefies 
the carbonic acid gas by abforbing it. This 
abfbrption cannot take place, linlefs the gas 
lofes its elaftic fluid fonn, and becomes di- 
miniflied confiderably in bulk : in this cafe 
then, it parts with its aeriform folvent, or ca- 
loric : but it contains fuch a fmall quantity^ 
that the feparation is hot perceptible, and is ef- 
feded without producing heat. Nevertbelefs 
when ice is immerfed in this gas, it lofes its 
folidity, and becomes fufed at its furface. 

As the combination of carbonic acid gas with 
liquid water, is one of the mofl: important phe* 
nomena of this acid ; and as it at the fame 
time affords one of the moft ufcful articles of 
the materia medica, it deferves to be carefully 
defcribed. v 

Though water, at the temperature of fifty 
degrees, and ftill more when at the boiling 
point, does not abforb the carbonic acid gas, 
which pafTes through it without lofs, and even 
increafes in bulk ; — though it has be«i juftly 
faid, that the colder liquid water is;, the more 
of this gas it will abforb, it muft neverthekfs 
be remarked that this abforption at low tem- 
peratures has a fixed term. At 0, or at the 
freezing point, no union takes place between 

thefe 
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thefe two bodies : hence the reafon why water ^ 
containing carbonic acid gas, difcharges or 
lofes it at the inftant of freezing ; but above 0, 
it is afcertained that Hquid water abforbs the 
gas in a greater quantity, tlie nearer it ap^ 
proaches to that degree. - At twelve degrees, 
the cojnmon heat of the mod temperate cli- 
mates, which is univerfally called the mean 
temperature, water retains -j-f^ of its weight, 
or nearly its own hulk of carbonic acid gas; 
at two or three degrees above 0, it may retain 
nearly double the quantity. By adding pref- 
fure to the cooling, the abforption Of this gas 
by water is Angularly facilitated. With the 
affiftance of machines, for the pmpofe of ef- 
fecting this preffure, the philofophers at Geneva 
have been enabled to condenfe in a portion of 
cold water, moi^ than tAvice and an half its 
bulk of carbonic acid gas, and thus to form 
artificial gafeous Avaters cohfiderably ftronger, 
and much more impregnated than thofe af- 
forded by Nature. 

Several machines of different conftruClions 
have been invented, in order to effe6l this ab- 
forption, or to faturate water with carbonic 
acid gas. Simple agitators, which mix and 
divide it in the veffels immerfed in an atmof- 
phere of this gas, fuch for inftance as the top 
of a cafk containing M^ine or beer in a ftate of 
fermentation, will be fufficient for this purpofe. 
A large caflc, filled with equal bulks of water, . 
and carbonic acid, which are agitated and 

mixed 
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mixed together by rolling on an axis (in the 
fame manner as is praftifed in making comfits) 
is a very convenient apparatus, becaufe this 
proportion of abforption is fufficient for every 
purpofe ; and though this Avater is denominated 
acidulous, fpirituous, gafeous, (§t. the name 
of carbonic acid, which expreffes its liquid 
llate, is more proper for diftinguifhing this com- 
bination. 

19. The carbonic acid in a liquid ftate, or 
folution of carbonic acid gas in water, as it is 
generally denominated, is heavier than pure 
water; its proportion to the latter is as 10015 
to 10000. It has a pungent fliarp acidulous 
tafte ; it effervefces on agitation, and emits a 
number of bubbles. It often expels the corks, 
or breaks the bottles in which it is contained : 
it is deprived of its acid gas by the exhauftion 
of the fuperincumbent air in the pneumatic 
machine, — by fmiply expofing it to the air, 
which gradually diflblves it, — or by caloric 
which may be applied or accumulated in it 
In the latter cafe it appears to boil much more 
quickly than common water. It reddens the 
tincture of turnfol. It is preferved by keeping 
it in well-ftopped veflbls, by comprefling it 
forcibly with corks confined by ftrong pack- 
thread or wire, and ftoring it in places below 
the temperature of 12 degrees. 
. 20. The difcovery of this folution or lique- 
faftion of carbonic acid gas in water, has ex- 
plained the mature, properties, and formation 

of 
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the mineral waters denominated acidulous, fpi- 
rituous, or gafeous ; it has been found that the 
latter are abfolutely the fame as thofe prepared 
by chemical proceffes^ and hence they may 
with great precifion, be imitated by, art. This 
important difcovery, befides affording numer- 
ous applications relative to the hiftory of faltSj 
of which we fliall fpeak in the following fec- 
tions, has alfo explained the caufe which pro- 
duces the pungency and other fimilar properties 
of beer, cider, and nevv^ wines. It is nothing 
more than a difengagement of the carbonic 
acid, which has been confined during the 
vinous fermentation. 

21. Moft of the metallic oxides are capable 
of uniting with the carbonic acid, and thus 
forming faturated compounds, which are often 
afforded by Nature in great abundance, and 
may be eafily- prepared by art. Some oxides 
even have the property of abforbing this gafeous 
body, when heated and immerfed in it. In a 
liquid form it alfo combines with them, and 
renders many of them foluble in water. This 
phenomenon, by explaining the forniatipn of ^ 
ieveral minerals, and of certain mineral waters, 
has greatly contributed to the advancement of 
mineralogy, as I fliall hereafter fhew. It will 
be eafily conceived that the accounts relating 
to the union of the carbonic acid with the 
oxides, and the nature of the metallic car- 
bonates, mofl properly belong to the particular 
biftory of metals. 

22. What 
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22. What has been explained here with refpeft 
the properties of the carbonic acid, is fuflScient 
to fhow 1k)M( much light has been thrown on 
the phenomena of Nature and the Arts, by 
the difcoveries relative to this acid. The com- 
buftion of charcoal, the alteration it produces 
in the air,- the noxipus 6ffe6ls of fubterraneous 
caverns, the formation of falts, minerals, and 
mineral waters, the produ6lion of this acid, and 
of water, in refpiration, which partly confifts in 
tlie oxigenation of the fuperabundant carbon 
of the blood ; even vegetation itfelf, as I ihall 
prove in a fubfequent fe6lion, and a number of 
other phenomena, which will be developed in 
the following articles, and were formerly con- 
(idered as inexplicable miracles ; have all now 
become fimple queftions of eafy folution. Hejice 
we fee how confiderable an addition the fcience 
of natural philofophy has received from the 
experiments made with the carbonic acid. 

23. The whole hiftory of this important acid 
»may be divided into fix principal heads; viz. 
that of 

' A. Its intimate compofition by' the union ^f 
0^28 of carbon, and 0,72 of oxigen, together 
^ith a certain quantity of caloric, by which 
this binary compound is held in gafeous fo- 
lution. It takes place in a number of circum- 
cumftances, which have either been already 
mentioned, or will be fpoken of hereafter, and 
which it renders very intelligible. 

B. Its 
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B. Its natural hiftory, which prefents it in 
a pure and gafeous form, or in gas combined 
with the atmofpheric air, or in a liquid ftate 
combined with water, in that of folid and 
falifying or mineralizing a number of foffils. 

C. Its phyfical properties, when in the ftate 
of gas ; its fpecific gravity, tafte, and fmell^ 
compreffibility, dilatability, &c. 

D. It^ combinations, into which it totally 
enters, and of which it forms an integrant part. 
Thefe will be confidered at length in the fol» , 
lowing fe6lions. 

E. Its decompofitions which take place only 
by x^oniplicated and pre-difpofing attraftions, 
and will be fpoken of feveral times in fome of 
the articles of the fifth feftion. 

F. Laftly, its multiplied applications to the 
phenomena of Nature and Ait, which prefent 
the knowledge ■ acquired un^er the five pre- 
ceding titles, and the ufes to which it may be 
applied* 

24.'Thefe ufes of carbonic acid gas, or of 
the carbonic liquid acid, are very frequent in 
chemiftry, and ferve for the proportion of fe- 
verfel fcompounds, or in the demonftiration of 
fcientififc truths. It is alfo ufed on many oc- 
cafions in medicine, as a bracing, antifeptic, 
diuTctic, ahtifcorbutic, anticancerous re- 
ittedy, &c. It has even been extolled as al- 
inbft a fpecific in the ftone of the bladder. 
But though it is not a remedy to be iieg- 
leiSledj it has been very far from anfweririg 

th^ 
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"die languine expej6lat ions* that had been formed 

df it. One of the cafes in which it is moft ef- 

fe6iual is that of the hemorrhoids, the pain of 

tyhich infrequently afluages, at the fame time 

that it appeafes and diminilhes the fwelling and 
diftenfion. 



Article VI. 

' - . Of the Phofphoric Acid. 

-. U THE name of phofphoric aqid is fuflficient- 
ly comprehenfive, according to the rules laid 
down in the. fourth article, to denote the fatu- 
rate acid combination . of phofphorusr and 
oxigen. J place it the fecond in the order of 
acids, with fimple radicals, becauiJ? its radical 
holds this rank amons: the combuftible bodies 
capable of acidification^ in confequ^nce of its 
attraction for oxigen. It is placed immediately ' 
after carboii, and has nevey been known by any 
other appellation. . ' ? ; • • 

It has fometimes, however, been called th^ 
acid of phofphoruii ; but this denomination Js 
improper, becaufe it appears to A^W^ its 
being derived from jphofphf^rus, which is.. an 
error of the ancient fyftcm pf phemiftry, .and 
alfo becaufe if we uuderftand \\ to imply ^xl 
acid prepared with phofpho^^i^s,. it will be CQ}ir 
founded with another, namely^jthe phofphoreoiLS 
acid, from which it oug|it t,o be carefully dif- 

tingiiiihed* 
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tinguifhed. In this latter point of'view, thc^ 
name of acid of phofphorus might be confidered 
as generic, and thus it would, in a certain re- 
fpecl, have two fpecies ; one the phofphoric, and 
the other the phofphoreous acid. 

2.. The phofphoric acid has not long been 
known in chemiftry. In conformity with the 
do6lrine of Stahl, it was for more than one-third 
of the eighteenth century, fuppofed that phof- 
phorus, then procured by a method which will 
befpeedily defcribed, was produced by the mu- 
riatic acid, hereafter to be treated of. Mar- 
graflf was the firft who, in the year 1743, accu- 
rately diftinguiihed it from all the other acids, 
who proved that it exifts in human urine, and 
that it is alone capable of affording phofphorus, 
and that phofphorus alone can be changed into 
phofphoric acid. 

This important difcovery was foon confirmed 
by the chemical ^vorld, and the error introduced 
by Stahl wasf unanimoufly reje6ied. The fame 
acid was afterward* found in certain vegetable 
fubftances, though an opinion had long prevail- 
ed that it was almoft entirely confined to animal 
matter. lu the year 1772, Scheele and Gahn 
difcovered it in bones, Bergmann, Prouft, and 
Tenant extracled it, in confiderable abundance, 
from feveral faline and metallic foffils. Lavoi- 
fier proved, by accurate and ingenious experi- 
imaits, that it is formed of phofphorus and ox- 
igen ; and .even afcertained the proportion of 
its conftituent parts ; and fince that period, no 

obfcurity 
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obfcurity has remained with regard to its pro- 
perties. 

3* Though we can no longer, at prefent, affert, 
that the phofphoric acid belongs to a particular 
. <!:lafs of natural bodies, as it is extradled from 
foflils, and even from a cryftal gem, the chry- 
fblite of commerce, as well as from vegetables, 
nnd animals, -it is, neverthelefs true, that it is- 
-vcry generally found diflfufed in animal fub- 
fiances, from which it may be eafily extraScd ; 
that it is fcarce, and not abundant in vegetable 
compounds, and that it is even moj-e frequent 
in minerals thannn them. It afts a very im- 
portant part in natural phenomena, whether 
geodefial, or thofe relating to animalization. 

4. Pure phofphoric acid is never found na- 
tive. It is extracted by art from natural 
compounds, whether earthy or metallic, ani- 
mal or foffil, by means of acids ftronger than 
itfelf : it is compofed in a direfl; way by the 
rapid combuftion, or deflagration of phofpho- 
rus. As the firft procefs frequently affords only 
an impure phofphoric acid, recourfe is more 
commonly had to thofe of the fecond kind, or 
the complete fabrication, when this acid is re- 
quired in a great degree of purity. For this 
purpofe, phofphorus is burned under receivers, 
filled with oxigen gas, placed over mercury, the 
ignition being commenced by means of a curvied 
rod of iron, which is made red-hot, and paffei 
through the liquid metal. Another method of 
burning it, confifts in fufing it under watei; 

and 
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and conveying oxigen gas to it, by means of a 
tube. In the firft method, it is obtained in 
white, concrete, cryftalline, and fnowy flakes ; 
in the latteir, it is much dihited by the water, 
but may be concentrated by evaporation. It 
may, alfo, be formed by decompofing, by phof- 
phorus, thofe acids the radicals of which have 
a lefe affinity for oxigen than this combuftible 
body, as will be iliown under the articles of thofe 
icidsT' 

5. In all the preceding operations, it is ne- 
ceffary, in order to obtain phofphoric acid, to 
employ nearly two parts of oxigen to one of 
pfaofphorus; it is alfo found, that the oxigen 
gas lofes, in this combuftion, the greateft poffi- 
ble quantity of its folvent caloric; and that it 
muft, therefore, be highly concentrated in this 
compound. This important refult of modern 
experiments, explains a number of properties 
potfeffed by this acid, which were fonnerly un- 
intelligible. 

6. The phofphoric acid is generally kept in 
laboratories, in the form of a thick and almoft 
vifcid liquor, refembling certain oils, produc- 
ing ftricB on the veffels'in which it is agitated ; 
of a fpecific gravity more than double that of^ 
water, perfe6tiy inodorous, of a very acrid, but 
not cauftic tafte, and never bums organic fub- 
ftances; it reddens a great number of blue ve- 
getable colours, is quite incombuftible, and pof- 
feffes, in a remarkable degree, that property of 
attra6ling| and of being ftrongly attrafted, 

which 
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which the genius of Newton had attributed to 
the acids. When it is produced hiimediately 
by combuftion without moifture in oxigen gas, 
it adheres to the fides of the vefTels, in which it 
was fublimed by heat, before its perfe6l com- 
bination, in the form of white, brilliant, cryftal- 
lized, and^ very acrid fcales, which foon lofe 
this ftate, and pafs to that of liquid, by the con- 
tad of the leaft humidity, or even of the exter- 
nal air. And laftly, it is often exhibited in the 
vitreous form of which we fliall fpeak here- 
after. 

7. Light has no a6lion upon the phofphoric 
acid, which ftrofigly refrafts it When expofed 
in a liquid ftate to caloric, it becomes thick, 
concentrated and condenfed, lofes its water, 
which evaporates, and carries with it a very 
fmall portion of the acid. It may be brought 
to a ftate of tranfparent jelly, and preferves this 
form in a well-clofed veflel, but again becomes 
liquid on being expofed to the air. Water is, 
therefore, much more volatile than this acid. 
If, when it has taken the gelatinous form, the 
heat be continued till it become ignited, it 
melts, expands, is covered with bubbles, and, at 
laft, remains in a ftate of quiet fufion. Before 
the blow-pipe, in the platina fpoon, or in the 
cavity of charcoal, it may alfo be made to adopt 
the form of a vitreous, and very tranfparent 
globule, fmiilar to a gem of the fineft water. 
In this vitreous ftate, the phofphoric acid being 
very brilliant, imitates the fparkling of certain 

precious 
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precious ftones : it is always acid, deliquefcent 
in the air, and foluble. 

8. This fingular vitreous ftate, of which the 
phofphoric acid is fufceptible, does not, in any 
refpe6l;, alter either its nature, or the proportion 
of its conftituent parts : it proves the great 
fixity of this acid : and if we are furprifed to 
leam, that it contains a fubftance fo Volatile as 
phofphorus, we muft recolle6l the ftate of folidi- 
ty which the oxigen has acquired by lofmg fo 
enormous a quantity of caloric. The vitreous 
phofphoric acid can only be obtained in a very 
pure ftate, when it is the product of phofphorus 
burned by oxigen ; and when it is melted in a 
platina crucible. Whenithas been extracted from 
a compound, of which it formed a part, it often 
retains a fmall quantity of the earthy, alkaline, 
or even metallic bafes to which it was united. 
When fufed in veffels of earth, glafs, or metal, 
it diflblves the material or fubftance of thefe vef- 
fels; it affords after fufion, opaque glafles, 
which are coloured, infipid, infoluble, not deli- 
quefcent in the air, but odorant, and luminous 
when rubbed in the dark. Wlien a glafs of very 
pure phofphoric acid is diffolved in water, it does 
not, in the leaft degree, differ from the phpf- 
phoric liquid from which it was produced. - 

9. It muft be obferved, that the concrete and 
lamellated phofphoric acid immediately melts 
into glafs the inftant it becomes ignited, with- 
out fwelling, or affording bubbles ; which is a 
confequence of its not partin^j with water, or 

Vol. II. F becaufe 
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becaufe it has little to lofe before it affumes the 
vitreous ftate. This glafs, when once formed, 
alfo melts without motion or vapour, as foon as 
it is red ; it is even fo fiifible, that it may be 
ufed as a fol vent for many other bodies. 

10. The phofphoric acid, in its various fktes^ 
has no attra^ion for oxigen, nor its gas, 
being completely faturated with that principler 
By expofure to the air, it only attracts its hn* 
midity; that which is dry and concrete at* 
trafts moifture with great force and rapidity; 
whereas in that in the gelatinous, or denfe li- 
quid ftate, the attra€i]on operates more (lowly ; 
but this alfo abibrbs nearly half of its weight; 
the vitreous acid requires a length of time to 
become humid ; and when its external iiratum 
is thick and gelatinous, this defends its internal 
part, fo that it long retains its fonn, and acquires 
the liquid ftate not without much difficulty. 
It undergoes no change from the a6tion either 
of azote or azote gas,^ from which, as we Ihall 
hereafter explain, phofphorus abforbs oxigen. 

1 1 . No aftion is obferved between the phof- 
phoric acid and hidrogen gas: nor is there any 
abfoiption, or change, in either by contaft. 
It has not been proved, by any direft experi- 
ment, that th^ phofphoric acid, in a ftate of 
fufion, is decmnpofed by hidrogen; it might 
be 'conjedured, that water and phofphorus ai« 
formed, though the attraftion of hidrogen and 
phofphorus for oxigen, appears to be very near- 
ly, or almoft alike, from the fmall degree (rf 

auxiliarjr 
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auxiliary or difpofing force, which is required 
to be added to phofphorus, in order to decom- 
pofe water. - 
12. Carbon does not, in any degree, alter the 
I nature of phofphoric acid in the cold ; fo that, 
at a low temperature, phofphorus ha^ a greater 
attra&ion for oxigen than for carbon ; but in a 
heat, fufficient to ignite the latter, if it be 

.' brought into contaft with the former in its dry 
or vitreous ftate, the order of attraftions is re- 
verfed ; the carbon abforbs the oxigen from the 
phofphorus, which, on being difengaged, rifes 
in fublimation, at the fame time that the car- 
bonic acid which has been formed is driven 
off. Such is the theory of the operation by 
which phofphorus is obtained, when dry phof- 
phoric acid is diftilled with charcoal ; an ope- 
ration which has now become much more fim- 
fk and eafy than it formerly was. Though this 
experiment may fucceed, by diftilling a mixture 
of liquid phofphoric acid mixed with powdered , 
charcoal ; or elfe a mixture of charcoal, and fix 
times its weight of vitreous phofphoric acid, 
both reduced to powder, — yet the firft procefs 
requires a tedious firft operation, and the latter 
too ftrong a heat, which often breaks the earth- 
en retorts which are commonly ufed. The pre- 

[■ ference ought, therefore, to be given to the ope- 
ration which confifts in taking phofphoric acid 
of the confiftence of honey before fufion, and 
diftilling it in luted glafs retorts, with a fixth 
part of its weight of charcoal of white wood. 

F S Some 
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Some water is placed in the receiver, in wliich 
the extremity of the mouth of tlie retort i* im- 
merfed, in order that the hot and melted drops 
of phofphorus which arc diftilled, may not 
burn, but be quickly congealed in the water 
which receives them. A ftill better kind of re- 
ceiver is a veffel of copper, about two-thitds 
full of water, having a tube, paffing to the bot- 
tom of the veffel, to receive the neck of the re- 
tort. The dccompofition of phofphoric acid by 
carbon, agrees, with its formation, in proving 
that it is compofed of 0,39 of phofphorus, and 
0,6 1 of oxigen. 

1 3. Phofphorus cannot be combined in a di- 
rect manner, with the phofphoric acid, either 
with or Avithout heat. Caloric,, which fo fre- 
quently affiils the mutual action of bodies, does 
not produce any effect in the prefent inftance; 
becaufe the phofphorus is very volatile and. fufi- 
ble, and the phofphoric acid fixed, and long in 
affuming the vitreous and igneous ftate of 
fufion. Neverthelefs, the phofphoric acid is 
apparently capable of combining with a great- 
er quantity of phofphorus, fo as to pafs to the 
ftate of phofphoreous acid. But this order 
of acid combination, cannot take place ex- 
cept by uniting only a fmall q'ffantity pf oxigen 
to the phofphorus at the inftant of combuftiou, 
and not by the direft addition of more phof- 
phorus to the phofphoric acid. 

14. Sulphur does not a^l, in any maoDer, 
upon the phofphoric acid, whatever may be the 
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tempciature at which tlicy are treated. Phof- 
phorus having a greater aftinity to oxigfn Uian 
fiiiphurhas, can neither give to nor divide with 
the latter the oxigenwitli whieli it is faturated. 

15. There is no aftion between phofphoric 
acid and the diamond. The hitter rcmaiits 
amidft the' acid, when in a ftate of fufion, and 
may be kept for a lengdi of tiiiu: red-hot, with- 
out experiencing the flighteft alteration ; this 
fafl; conftitutes a difference between tlictlia- 
mond and carbon, in cqmmon with which, liow- 
ever, it appears to poffefs the remarkable pro- 
perty of affording carbonic acid by combuf- 
tion. It may probably be attributed to the 
ftrong aggregation of the particles of the dia- 
mond. 

16. No metal,, in the metallic ftate, can unite 
with the phofphoric acid. This acid, in the li- 
quid ftate, undergoes no alteration, whatever 
inay be the temperatwe to which it is expofed 
along with the metals ; but by the addition of 
tills acid, feveral of the metals acquire the pro- 
perty-of decompofing water, of djfengaging its 
hidrogen in gas, and abforbing its oxigen. 
This effeft is owing to a difpofnig attraction. 
When the moft combufiible metals are heated 
with the vit-reous phofphoric acid, though none 
of them has, in reality, a greater attraftion for 
oxigen than phofphorus has, there h, nevertlic- 
lefe, by means of a double atuaftion, a forma- 
tion of oxide and metallic phofphuret. To ob- 
tain >thi3 kind of compound, it is neceffary to 

fubmit 
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fubmit to a ftrong heat in a crucible, three parts 
of metal with one part of concrete phofphoric 
acid; which will entirely difappear; and the 
metal will be found partly oxided, and partly 
cohibined with the phofphorus. The following 
is the theory of this operation : the tjuantity of 
the metal being more confiderable than would 
be neceflary to abforb all the oxigen contained 
in the phofphoric acid, part of this metal afts 
upon the oxigen of the acid, while the^ other 
part a6ls upon the phofphorus, and hence re- 
fults, both an oxide and a metallic phofphuret. ' 
This inftance of double attraftion on the part 
of a fingle body may be applied to feveral fafts 
of the fame nature. 

17. Water has a great attradlion for the phof- 
phoric acid. When in the form of white and 
dry flakes, it diffolves in a fmall quantity of 
this fluid, caufing a noife fimilar to that of red- 
hot iron, when plunged in water, and difengag- 
ing a quantity of caloric. — The vitreous acid 
is far lefs fpeedily diflblvedj the concentrated 
liquid phofphoric acid flowly unites with it, and 
produces fcarcely any heat. Thefe two bodies 
liiay be combined in every proportion. The 
acid lofes more of its tafte, denfity, weight, and 
force, in proportion as the quantity of water is 
increafed : and the water can only be feparated 
from this combination by means of caloric. It 
Ts much more volatile than the acid, which be* 
com-es concentrated accordingly as the tvater 
fc difengaged in the form of vapour. The acid, 

after 
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after this evaporation, paffes fucceffively through 
the ftates of denfe, vifcid, gelatinous fluid, to 
that of glafs. 

18. The phofphoric acid readily combine* 
irith moft of the metallic oxides, with which it 
forms falts fufible by heat ; fparingly foluble in 
water, but foluble in the phofphoric acid ; fomc 
of which are cryftallizable by cold after f ufii^n. 
Moft of them, when heated with carbon, afford 
phofphorus, or metallic phofphurets. Each of 
thefe falts will be defcribed under the articles 
of the metals- 

19. The phofphoric acid does not form any 
combination with carbonic acid, nor its gas. 
As it is ftronger, or more fufceptible of change 
than the latter, by a great number of bodies, it 
expels the carbonic acid from moft of its com- 
binations: and thus feparates it from water, and 

' produces an eflfervefcence in the acidulous wa- 
ters, whether natural or artificial. 

20. The accurate knowledge we pofTefs, re- 
fpe6):ing the properties of the phofphoric acid, 
Tender it of importance at the prefent period in 
agreatnumher of chemical operations. It is, 
therefore, to be regretted, that this acid is fo 
fcarce and dear, on account of the difficulty 
with which its radical is procured, for if it were 

. more common, many advantages would be de- 
rived from it in the fciences. To the fame 
cauie, doubtlefs, may be attributed its prefent 
limited ufes ; for feveral of its faline combina- 
tions are fcarcely known or employed ; as will 
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be Ihown in fome fttbfequent articles. Its priii.- 
ciple ufe is for the extra6lion or preparation of 
phofphorus. Phyficians have begun to pfe- 
fcribe it as an antifeptic, cooling, and folvent 
medicine ; as an external application in feveral 
tumours, and particularly thofe of an offeous 
kind. It is particularly ufed in the preparation 
of falts which are given as opening medicines. 






Article VII. 

Of the Phofphoreou$ Acid. 

1. THE phofphoreous acid has, even in mo- 
dern times, been confounded with the phofpho- 
ric acid. It was not known, till the new ideas 
had been formed refpedling the various degrees 
of combuftion and the different proportions of 
oxigen united to combuftible bodies, that phof- 
phorus, when flowly burned, forms a kind of 
acid, different from that afforded by it when 
burned rapidly, and M^ith deflagration. Lavoi- 
fier was the firft who, in 1777, proved that the 
acid obtained by the perfeft combuflion of 
phofphorus, fonns combinations very different 
from thofe afforded by the acid which is ob- 
tained by^ the flow combuflion of the fame 
fubflance. 

2. The. principles adopted in the new nomen- 
clature fhow, that the phofphoreous acid is lefs 
ftrong, and lefs aftive than the phofphoric .acid, 
^ . and 
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tod contains lefsoxigen ; that it is conftantly tlie 
produce of a- flow and merely luminous com- 
bufiion, which caufes a lefs quantity of the 
acidifying principle to be abforbed by the phof- 
photus than ia the cafe of rapid and fiery com- 
buftion. . 

* 3. It is a natural confequence of what has 
beenjuft ftated, that if the phofphoreous acid be 
phofphorus with a lefs portion of oxigen thaa 
the phofphoric acid, it may alfo be confidered 
as phofphoric acid fuper-fatu rated with phof- 
phorus,- or holding in folution phofphorus not 
faturated with oxigen. We may, alfo, fuppofe 
two methods of preparing the phofphoreous acid. 
One method would confift in adding phofphorus 
to the phofplK)ric acid ; but it has been Ihowa 
in,, the preceding article, that this is not prac- 
ticable, and that we cannot fucceed by an im- 
mediate a6iion ; the other, "which alone is prac- 
ticable, confifts in fimply combining with phof- 
phorus the rieceffary -quantity of oxigen to 
reduce it to the ftate of acidification defined by 
the name of phofphoreous acid 

4. As the phofphoreous acid is never found 
native, it muft be prepared artificially, by col- 
le6ling, by means of a proper apparatus, the 
produce of the flow and merely luminous com- 
bullion of phofphorus in the air of the atmo- 
Jphere. When phofphorus is expofed in the 
air, which is inceflantly agitated and renewed 
around it, it begins, as we have before obferved, 
to be diffolved in the azote gas; after which it 

gradually 
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gradually combines with the atmofpheric ox- 
igen, and its acid, in a ftate of vapour, is car* 
ried away in the atmofphere, while its fucceffive 
formation is attended Avith ftreams of light 
clearly diftinguifhable in the dark. But when 
this operation is performed in a clofed apparatus^ 
fo that the air cannot circulate round the phof- 
-phorus, and into which the atmofpheric air is 
but flowly admitted, and only in a proportion 
neceffary to fupport the luminous combuftion 
of this body, the acid which is foraied envelops 
the phofphorus with a vapour white in the day 
and luminous at night, which condenfes on the 
ferface of the combuftible body; which, by 
attracting the water of the atmofphere, becomes 
moift, diflblves, and fpeedily flows in fmall 
drops. Thefe drops, when ooUefted, conftitute 
the phofphoreous acid, of which the proportion 
of conftituent parts, phofphorus and oxigeft, 
cannot be eftimated in this operation,. «ou ac- 
count of tilt water which combines with the 
/SLcidj and renders it liquid. 
- 5. It may be eafily underftood that, in order 
to fulfil the conditioris above fpecified, it is ne- 
ceflary to be provided with an apparatus that 
will gmdually admit tlie air, and reipeive the 
acid as it becomes liquefied. Thefe objefts 
are attained by the following mea'ns: cylinders 
of phofphorus are placed in glafs tubes, open at 
the top, and drawn into a point at the- lower 
end, where they are aHo open : thefe tubes are 
arranged in a Jarge ftmnel, fo that their flender 

extremities 
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extremities are colle6led towards the pipe, 
which is inferted in a glafs bottle. By this 
means, the pieces of phofphorus do not become 
heated by mutual contaft, and are not fubjeft 
to inflamrriation by the rapid combuftion which 
often happens when they are expo^fed by the 
fide of each other on the funnel. -Over this 
funnel, and the bottle, which ftands upon a 
plate, is placed a glafs receiver with two fmall 
lateral tubes, provided with ftoppers, which can 
be removed or clofcd at pleafure, according as it 
may be wifhed to increafe or diminifh the com- 
buHion. The bottom of the receiver is im- 
merfed in water which covers the plate, and, at 
the fame time, fumifhes the acid with an appro- 
priate folvent. The liquid phofphoreous acid 
flows gradually into the decanter ; and nearly 
three times the quantity of the phofphorus is 
obtained. From this procefs, before its dif- 
ference from the phofphoric acid was accurate- 
ly determined, it was called pfiofphoric acid by 
deliquefcence. 

6. The phenomena which accompany the 
phofphoreous acid, the feeble light, the infenfible 
heat, fo different from the burning ardor, and 
the vivid flame obferved during the preparation 
of the phofphoric acid, prove that the phofpho- 
reous acid is not diftinguilhable from the latter 
•4>y a lefs proportion of oxigen alone, but alfo 
by the ftate of this acidifiant principle, which 
appears to be much lefs folid, and to retain 
much more caloric than in the phofphoric acid. 

1% 
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It will be fcen that thefe two differenGes may 
lead to an explanation of their properties. 

7. The phofphor^ous acid, prepared by the 
procefs of Pelletier> which has juft been de- 
fcribed, is in the form of a thick M^hite liquid, 
refembling a fyryp, (lightly adhefive, and form- 
ing ilreaks upon glafs like an oil. Its confiftence 
however varies according to the Hate of tlic air, 
which contributed to its formation. It is more 
liquid when the air is extremely moift Its 
fpecific gravity has not been compared with 
that of the phofphoric acid, which appears to be 
rather more denfe. Its acrid and pungent tafte, 
which fets the teeth violently on an edge, is 
not very different from that of the pliofphoric 
acid, from which it cannot be diftinguiflied by 
the palate ; nor can the excefs of phofphorus 
be perceived by the fame fenfe. It reddens 
blue vegetable colours nearly in the fame man- 
jier as the phofphoric acid. 

8. The phofphoreous acid is not affefted by 
light, which it refrads more ftrongly than the 
phofphoric acid in proportion to its denfity. 
Caloric a6la far otherwife upon it than upon 
the phofphoric acid, and it is by this aftion 
that the acids may be particularly diftinguiflied. 
On expoiing the phofphoreous acid in a glafsj 
fctort, it firft lofes part of its water ; when it 
is concentrated, there may be perceived fud- 
4enly to rife from the bottom of the veffei, a 
number of bubbles, w^hich burft at the furface 
of the liquor, affording a white and thick 

fmoke, 
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fmoke/ which fometimes takes fire, when 
there is a fufticicnt quantity of air in the ap- 
■paratus. If the experiment be made in an 
open veffel, each bubble affords in the air, a 
vivid, deflagration, and produces an unpleafant 
odour, which is apparently fimilar to phof- 
phorated hidrogen gas. Thefe inflammable 
bubbles continue for a length of time ; and the 
phofphoreous acid cannot, but with great diffi- 
culty, be entirely deprived of that fubflance, 
namely, the phofphorus which forms them by 
its difengagement, fo as to bring it to the ftate 
of very pure phofphoric acid. ' This point, how- 
ever, may be obtamed, by continuing the ope- 
ration for a long time, after Avhich the remain- 
ing acid will be found to poflefs all the pro- 
perties of the phofphoric acid, which have al- 
ready been flated. On making this experi- 
ment, it .mufl be reijiembered, that the phof- 
phorated gas is only volatilized, when the acid 
is well concentrated and very hot, which proves 
that phofphorus not faturated with oxigen 
ftrongly adheres to the acid. 

9. There is only a very fmall degree of at- 
tra6lion and tendency to union between oxigen 
and the phofphoreous acid, though the latter is 
not faturated ; this fa6i; tends, to Ihow the great 
adherence of phofphorus to the phofphoric 
acid. It is without effeft that the phofphoreous 
acid may be expofcd to oxigen gas for this 
purpofe; a fmall quantity of it only is ab- 

forbed, and that witli extreme flownef$. But 

we 
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we cannot fucceed in converting it by this means 
into phofphoric acid ; which can only be done 
by a long ebullition ; and even the glafa 
made with the phofphoreous acid, appears to 
retain a portion of '■ phofphorus, fmce it dif- 
fers from that produced by the phofphoric acid, 
as it often emits a fetid odour like ths^t of 
garlick, and emits rays of light on being rub* 
bed in the dark, which effeds do not take 
plac6 in cryftals of very pure phofphoric glafs. 

10* The fame remark is applicable to the 
expofure of phofphoreous acid to the air. It 
changes with great difficulty into phofphoric 
acid, notwithftanding the tendency of azote 
gas to diffolve phofphorus, which muft there- 
fore in {bme meafure weaken its combination 
with the phofphoric acid. The concentrated 
phofphoreous acid may be expofed to the air 
for feveral months, without being converted 
into phofphoric acid: this effe6l, however, 
takes place rather more fpeedily when the 'acid 
is diluted with a quant jty of water. This 
fcarcely changeable character of the phofpho- 
reous acid, diftinguifhes it from feveral other 
acids, which might be compared with it on ac- 
count of their weak acidification, and the 
fuperabundance of their radical. 

11. Hidrogen and hidrogen gas have no 
aftion upon the phofphoric acid. Though ex- 
periments have not yet been made by heat, yet 
the law of the known attraftions ihows that 
hidrogen gas muft carry off the excefs of phof- 
phorus 
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phoru*^ from the phofphoreou§ acid, and be dif- 
engaged in the form of phofphorated hidrogen 
gas. The refidue after mutual aClioii of thofe 
bodies it an elevated temperature, does not 
differ from that \rhich the phofphoric acid un- 
dergo^, for it arrives at that ftate. 

12. The phofphoreous acid is decompofed 
by carbon at a red heat, which caufes the fe- 
paratioQ of more phofphorus than from phof- 
{^oric acid, becaufe it contains a greater quan- 
tity. No change is effefted between thofe 
bodies at a cold . temperature, neither can any 
combination be produced by heat, becaufe the 
fuperabundant phofphorus efcapes and volatilizes 
before it can unite with the fulphur. The 
diamond is no more changed by the phof- 
phoreous than by the phofphoric .acid. 

13. When thofe metals which decompofe 
water with greater or lefs facility, . are brought 
into conta6l with the phofphoreous acid, diluted 
with that liquid, the difference between iti 
a6lion and that of the phofphoric acid, is evi- 
dent, from the hidrogen gas which is dif- 
engaged. This gas holds in folution a fmall 
quantity of phofphorus, which renders it very 
fetid, without however, rendering it inflamma- 
ble in the air, becaufe the proportion of this 
combuflible body, is not fufficient to produce 
that effeft. By this difcharge of the phof- 
phorus, diffolved in hidrogen gas, we learn 
that the combination effef^ed in the water, is 
only that of the phofphoric acid ; becaufe it is 

deprive^ 
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deprived of the fubftance which is neceflkry 
to the conftitution of phofphoreous acid» 

14. The phofphoreous acid is foluble in 
water in all proportions. When it is propofed 
to drive oflF this liquid, in order to concentrate 
the acid, at the end of the operation, the phof- 
^horus is difengaged, and the acid, as has 
before been mentioned, paff^s again to the ftate 

. of phofphoric acid. Hence it cannot be ob- 
tained in a folid ftate ; not fo much on account 
of its adherence to the water, as becaufe it 
lofes at the fame time by the aftion- of the 
caloric, the excefs of phofphorus which gave 
its diftinQive charadler. 

15. The phofphoreous acid combines with 
moft of the metallic oxides, with which it 
forms falts, nearly infoluble. Some of thefe, 
however, even at a low ternperature, impart a 
iportion of their oxigeii, fo-that while they ap- 
proach to the metallic ftate, they at the fame 
time convert it into phofphoric acid. 

16. The phofplioreous acid is ftronger than 
the carbonic, but weaker than the phpfphoric 
acid: it feizes nioft of the bodies combined 
with the former, which it feparates even from' 
water, in the form of gas, and gives up to the 
latter moft of tliofe to which it may be united. 

17. The ufes of the phofphoreous acid :are 
Jtiot yet diftinguiilied from thofe of the phof- 
phoric acid, except in chemical laboratories^ 
where its attractions are examined, and are 
found as. well as the compounds which.it 

forms, 



fcms, ta be dilEereut frcfm thofe of that ^cidr 
it l& alfo little known, and feldofti einplpy«4 
in the arte^ Some phyficians prcfcrib^ itlqi 
tlje^ ^treatme^t of difcafcs ; and though tre 0,r$ 
ttiirtain f|hat its medicinal proper ti^ mnft differ 
frpaj.iiipfe pf the phofphoric aad, th^y hav# 

11^ yet fee^n aft^tained hy any at^cuTAte iml<* 
|>^tin8ittlt&. 



ARtictt Vlll 

Of' the Sulphuric Add. 

\. THE aaffle of fulpjawrip.aqid exprdfles the 

twihmfrtioili j>f . fiil0iur and oxigeHj at the 

tt*xitouiB of acidity* Hcpice the body confifls 

of the radical fiilpihur completely faturated 

'^ilii the acidifying priociplei It was fonnerly 

taUcd ^itrioUc acid^ hecaufe it m as feparated 

tyriiftillatioii from its ©eutral couibinatioti 

iHlh iroti, wijioh was called vitriol. When con- 

^taated^ and of a confiftence nearly fiinilar 

to Jthat of aii oiV it was, with much impropriety 

denominated oil qfmtrioL Diluted with water, 

^**^ in a weak Rate, it was diftingui Aed by the 

'dually imptop^r and now obfolete name of 

^irijt.ofmtripL 

iSk This acid 'w^as unknown to the ancients. 

"liny:fpeaks of vitriolSf which were employed 

^^^ the hardening of bodies ; and which by long 

*^>civiation, mull havje admitted the feparation 

.Vol. II. G * and 
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and difengagement of a portion of their aci^/ 
They burned fulphur at their facrifices, but 
iv^ithout being acquainted with its produ^ 
BafiL Valentin was the firft who fpoke of it, at 
the end <>f the fifteenth century : he aMb made 
Bcrehtibn of the -fulphureous acid. Agricola 
aSd •Paracelfusi likewife faid a -few words upos 
the fame fubjed. But Domaeuswas the firft 
'who in the year 1570, wrote upon it with pre- 
cifion. As it foon became one of the principal 
agents in manufefturing proceffes, all the che- 
niifts have been fince aware of the, neceffity of 
examining it. Among thofe who more par- 
ticularly employed themfelves on this fubjeft, 
Stahl deferves particular notice, on account of 
his application: but he adopted the error 
which long afterwards prevailed, that it is en^ 
tirely contained in the fulphuh Lavoifier, in 
177^, deftroyed this notion, by pro^^ng that 
fulphur is one of its principles, and that it 
combines on burning with the bafe of pure 
air, or with oxigen, and forms the fulphuric 
acid : fince this brilliant difcovery, the proper* 
ties and combinations of the fulphuric acid 
have been well underftood. 

3. The fulphuric acid has long been ccfn-- 
fidered as the mofl: abundantly diftributed in 
Nature, and has been difl:inguiflied by the ap- 
pellation of the univerfal acid, befides being 
confidered as the common origin of all the other: 
acids. This is another error which has been 
exploded by modern difcoveries. It is known 

tha5 
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thdt the fulphuric acid exifts in a pure ftate only 
in fome volcanic places, in the environs (3tf Sienna 
and Viterbo, near the Baths of Saint Phillip, ili 
Italy, and above the furface of foihefulphurcouS 
mineral watet-s ; but this native ^cid is very 
fmall in quantity. On the contrary, it is Very 
frequently engaged in a great number of faline 
conibinations in the bowels of the earthy an4 
in the waters which flow at its furface^. The 
fsCKne compounds, of which it forms a part, 
pafs very frequently into vegetables and ani* 
mals ; but all its proporties are then difguifef]> 
and it is neceffary to employ different methods 
in order to difcover and extradl it, 

4. As Nature does not afford the fulphuric 

iacid in fuflScient abundance for the ufes of th^ 

arts, or chemiftryj it is procured either by ex- 

trading it from fome metallic faltSj. of which it 

forms a pait, or by the complete combination 

of fulphuh The firft-mentioned proq^fs cbn- 

fifts in diflilling the Jhlphate ofiron^ in earthen 

retorts, by a ftrong heat ; it affords a very 

inipure acid^ as will be mentioned in the hif* 

tory of this metal. This operation Was never^ 

thelefs the only one adopted for a long time, 

^d it is ftill continued in Saxony. In the 

'^tter procefs, fulphur is burned by the addition 

^f a tenth part of its weight of faltpetre. The 

^*t: of chemiflry has brought this procefs to 

great perfeftionj which derived its oHgin 

ft^om the firft ideas of Lefevre and Lemery, 

^Mro French chcmifts. It has become t})4 fub- 

G 2 jea 
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jta of one of the moft ufeful of thfe ch^ltniGal 
4tfanufa6l;iire». At firft fulphur was burned ia 
4arge globes of giafe; afterwards in cbhfli- 
t»rs of wood, covered with lead^ ab^xit fiic* 
teen metres (or yards) in l6ngthj by f6ut dirfive 
tft breadth, and as many in height. In prc^ 
portion air thfe fulphur, placed upon j^hitea i6t 
4bi*e HagcjS) is burned by the nitre^ and by 
%he air of the chamber, the acid whicli ift 
formed becomes diffolved in the water, at thfe 
bottom of the chahiber, which is collefitcd at 
ohe of th6 extremities lower than thfe reft c£ iW 
idooh It is drawn out by a teadeti tube, pro- 
vided with a cock^ which opens into a re* 
fervoir alf^ of lead, placed in a work below the 
chamber of combuftion. This Work is fitted 
up with galleries, and large retorts of glaft ia 
\^^Mch th^ acid is re6l;ified j Ithe Water which 
is thus feparated from it, is again ufed t6 
abforb the vaporous acid in the chamber of 
lead. 

5. The acid obtained by the procfetfes iitbove 
defcribed, when very pure, has the form of A 
liquid without colour, and without fmeH ; itis^of 
an oleaginous confiftence, and its fpecific gravity 
is to that of water, as 1«40 : 1 OOO. Its acid 
tafte is fo ftrong, that it burns and deftroy^ ifee 
organs of animals, like the moft powerful cauf- 
tic. It reddens all the vegetable colours which 
are fufceptible of that change. It blackens 
and reduces to a carbonaceous ^afte, all vc» 
getabie and ainimal fubftances, the organiisatioit 

and 
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and compofitioji of which it deftroys, by tbfi- 
c|FeQ; of an ^fctrfiftion which will be fully der. 
fcribjed in another fe6lion of this work. The 
fulpburic acid when of a yellow, brown, or 
black colour, fuming or odorant, like burning 
fulphur,' is AT^ery far from being in a ftaJte of 
parity ; it is failed by fome foreign fubitapces : 
th^ jnoTC ft; departs from the properties which 
H^'Ve jufl been pointed out, the )ef$ pure it is. 

6. Thoi^h the fulphuric acid cannot be ob« 
t^jn^d dry and folid, on account of the pro- 
ceffips made ui^ of to obtain it, it follows, how. 
ever, from calculations founded on the jquantity 
of ^r employ ed, relative to that of fulphur, t^at^ 
I OP paits qf this acid, fuppofed to be dry, an4 
wiJ^ojKt watl^r, cpnt^n 0,71 parts of fulphur, 
d^d 0,$9 of oxigen. It is gnly neceffary to 
fpm^l<^> that on iiccount of the cx^-eme dift 
pcttlty of eft^blifhing exa& bafes of calcul^i^ 
tjon, this proportion muft not be confidered as 
e^U9.11y accjir?ite with thofe which -haye been 
given, relative to the compoiitipn of th? car-^ 
boi^ic afid the phofphoric acid^. 

7. Th6 fulphufic acid undergoes no g^ltei-ar 
jtipn ffCH^ l^ght ; the refraftion which it efr 
fp^s, is^el^tive to ^ts di^nfity, and to the 
fV?tiire of jtlje combuftible radicajl which it cpn,- 
tuv^ When this ^cjd is deprived of caloric, it 
ji$ flifpfpti^le of (jongealing, and even of cryf- 
l^li^iM i^P^ifP^? w;thffx fides, terminatcjd.by 
^ fepxft^e^r^ pyramid. To effe^ this, tl^ 
acid fliould neither be too concentfa^ted, x\ox 

,too 
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too much diluted with water; at 1650 of fpe;. 
cifid gravity, it becomes folid at about three or 
four degrees under 0, of the thermometer of 
Reaumur. When its fpecific gravity is 1840, 
it never congeals, but at an extreme degree of 
cold. 

Though the capacity of the fulphuric acid 
for caloric is very low, it m^ neverthelefs be 
reduced to vapour, or gas not permanent. It 
is by this means that it is re6lified in diftilla*' 
tion. After the water which efcapes from it at 
firft, and the feparation of which concentrates it, 
the acid itfelf having acquired about 120 degtees* 
(centigrade) of temperature, rifes, and is coP 
le6led iiv the receiver, in the form of a wliite 
and thick fume^ which condenfes into a liquid. 
This vapour is. fo hot, that it a6ls upon glaft/ 
like d red-hot iron, and if the vtiffels ihoulc) 
Jjappeh ^o be rather colder in one part thaii 
another, its contaft iiS fuflficient to crack them. 
By this diftillation the fulphuric acid is mo^ 
cured in the pureft ftate poffible. 

9. No attraftion is kpown between the fuU 
phuric acid and oxigen. When brought into 
fcontadif with oxigen gas, this acid abforbs no 
portion of it, and it does nof; even abforb the 
oxigen from ftich bodies as are leaft adherent 
to it : hence it follows, that there is no oxige- 
nated fulphuric acid, ^s fome authors have 
been inclined to admit, on account of their 
having been deceived by inaccurate or illufiv^ 
experiments, % 
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9. ByVjtpofuTe to the air, the concentrated 
Culphurk -acid abforbs the ynter fronv it fo as to 
ificreafe its weight nearly one half; this ab- 
forption is the more fpeedy and perceptible ia 
proportion, as the air is humid. The foreign 
and often combuftible bodies, which float in 
the air, frequently colour the concentrated 
fulphuric acid ; but it does not aft upon either 
of the two aeriform fluids, which conflitutes 
its mafs and nature. 

10. It has no aftion either upon azote gas, 
or azote, which it does not even difengage from 
feveral combinations,, from which another acid, 
more weak however than it, fcparates this prin-^ 
eiple in the gdfeous form, as will be mentioned 
in a fubfequent article. Azote, though a com- 
buftible body, has therefore iefs attraftion for 
oxtgen than fulphur has, which will be con- 
finapied by fafts hereafter to be ftated, proving 
that fulphur, in certain circumftances, adluallyr 
carries off oxigen from azote. . » 

-11. A great number of fads prove, that 
hidrogen has more attra6iion for oxigen than 
fulpfaui: has, and confequently, that it ought - 
toidecompofe the fulphuric acid, particularly 
at a certain elevation of tempei'ature ; but as 
hidrogen cannot be had alone, and as, in its 
folid or liquid ftate, it always forms part of the 
compound}^ whieh . render its aftion compli- 
cated, we cen here only treat of the mutual 
i4^ioa .of gafeous-hidrogen and fulphuric acid^ 
At a'wld temperature there is no. .attraftion 

j; !/ between 
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hetv^en thefe bodies 5 hidrdgew gas is neither 
abfotbed nor altered by this cbjicdntiateci acid^ 
But if iome ftilphuric acid and Jiidrpg6|i ga? 
1i6 paffed through a poreclain tube^ m^de ?edtf 
kot, a dccoinpofition qf the fotmer, ov fortna? 
♦ion of ^H^ter, and precipitation of, fnlphiw 
take place, the lad is &en depofited in abundr 
ance In the glafs tube, affixed to tlie tube of 
jporcelain* When hjdrogen gas is empJoyeiJ ii| 
the proportipn of more than one half of the 
falphuric acid, there is not only a formation of 
water, bjut the excefs of hidrogen gas diffolvc^ 
fome iulphur, and is difengaged in fnlphuratcid 
hidrogen ga«. . 

12. Carbon, when cold, has le^ attr^&iot^ 
for oxigen, than fulphur has, or at kail this 
fittra6iion is nearly equal bet\f cen the two ccmin 
feuftible bodies and oxigen; becaufe, on. the 
one ]iand, carbon at a cold temperature, doe^ 
not decpmpofe the fulphuric acid;^ on the 
other, fulphur does not decompofe the carr 
bonic acid; yet carbon, at the temperature 
of ignition, decompofes the fulphuric acid : 
when a piece of lighted c^iarcoal i^f piung-? 
pd into this concentrated ? acid, a nrhite and 
^hick vapour is fudde»ly difengaged, coniift? 
ing of volatilized fulphuric acid and watery 
accompanied with veify pungent fu^hureou^ 
acid gas, that is to fay, the fulphuric aci4 
lofing a portion of its oxigen, ^ich' it im^ 
parts to the capbcm, paffes to its minimum of 
acidification J which is tibie ib^ufcwis ackt^ 

wjii|e 



91^^ the biomed carboA paffes to tke fiate of 
ibarbomc acjict As loit|; as the • fa^»hiiric acid 
ia Iiqiud ui tbk operatioB^ there is on^y a di£« 
cik^geni^xiit of ful{]^ureou9 a^ becaufe in tha|t 
cafe the ear bcm d^orb^ only a porjbio^ of tfaft 
Dxigm from the fulphur, which was faturatCfl 
witiii U:. Bui if tfaefie two bodies be trei^ed a| 
a hijgh temperatiure,' as in a porcelain tubo^ 
mad^i red^faot^ OF if charcoal be itrongly heated 
with' very concentrated fnlphuric acid, and 
particnlariy dry, as it exifis in fomje compoundSi 
jthere>is tb^ a complete decompoiition of the 
.acid^ and fulphur, with carbonic acid only 
are obtained. But as fulphuric acid is feldom 
procured, totally free from wa^er, there is a di& 
engagement of fulphurated hidrogien gas, on 
account of the ' double depompofition of thefe 
tFO bodies hnrned by carbon, and of the at? 
ptsBiom of hidrogen for the fulphur, which 
.e£i;3 a^ the &me time as that of the carbon for 
tCKigen. 

I3i Phofphorus, though pofieffing a Aronger 
attra^onfor oxigen than fulphur does^ can- 
pot decompofe the fulphureous acid but witli 
difficuky^ an4 after a length of time at the e^ld 
^empeiaibure. On leaving thefe two bodies in 
ponta^ the acid gradually c^anges^ to st brown 
|5aiaOT,r anjd partly affumcs the fulphureous 
irl^raden . [This decompofition itt^ bettser 

jbgr heat f « quan^kity f^£ ju^hureous add gas 
fs obtained^ 'uiiich carries with it a portion of 
l^oidpfaonp^ the gpeateft jpart of which is dcr 

pofited 
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pofited^ by cooling : the . phofphorus remains 
at the bottom, of the apparatus in the form of 
phpfphoric acid. In this operation th? ful- 
phuric acid is but partly decompofed j it does 
aot pafi to the ftateof fulphur : the phofphorus^ 
therefore, only, abforbs that portion of oxigen 
idiich exceeds its conftitution in fulphureous 
acid ; and it is only to this latter part of the 
acidifying principle thai it has mpre attra^lion 
than the fulphur has. Neither can it, as will 
befcen-iathe -following article, decompofe the 
fulphureous ac?d. Jit is therefore more accurate 
to fay,^ that: : phofphorus : has a greater attradion 
foroxigeii than the fulphureous acid has, in- 
ilead of affipming thatiis uttra^ion . is greater 
than that of fulphur.for theifime principle. 

14. Sulphur forms no. union. with the fuli 
phuric acid in the. cold ; but when thefe two 
l>odies -are heatedjithe fulphur is partly diffolved. 
in the -acid, -which becomes, converted inta 
fulphureous acid. The proportion of fulphur 
it can take up, has not yet been ^termined. 
The fiilphureous acid may be prepared by this 
procefs; it is difengaged in the g'afeoius. fdrm{ 
from thefe two bodies,* when heated together. ^ 
: . I5s The diamond undergoes no : alteration 
from the fulphuric acid at any temperaturej 
dfld however long they may be fufEsred to aft 
upon each other. The diamond does not *api^ 
pear^ in this inftance, to differ in itsf a^ion frojA 
carbon, with which it bears a firoiig analogy 
%n t^e produft pf its comljiuftion^ -cxcept^^if^ 
^ . the 
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the extreme adhefion of its integrant par* 

tides. 

16. The manner in which the metals aft with- 
^e fulphiiric acid, prefents three claffes of phe- 
nomena which it is neceffary to ftudy here ia 
general. Some of them have no aflion eithe? 
by heat Or cold upon this acid ; tljefe are fuch 
as have but little attraftion for oxigen. Otherf 
which have but little a6lion upon it at » cold 
temperature, excfrt a very remarkable aiftioii by 
heat : the cpncentrated acid then, employed is 
partly decompofed ; a difengagement of fulphu- 
reous acid gas takes place ; and the metal be* 
comes oxided, and united to the portion of un-^ 
decompofed or infulated acid, if this acid be 
fufficiently abundant. At a very high tempera- 
ture, the fulphuric acid is completely decom- 
pofed by thefe laft metals, and a portion of fut? 
phur is difengag^d, or a metallic fulphuret is 
formed. And other metals, for inftance, thofe 
of which the attraction for oxigen is the ftrong- 
^ being affifted by the prefence of the acid 
tending to combine with their oxides, become 
capable of decompofing rapidly, and at a cold 
temperature, the water with which the acid may 
be diluted ; and thefe metals may exert this pro^ 
perty without heat, or be capable of exerting 
it only when heated. In the third cafe, the 
effervefcence Is ftrong and rapid, and caloric 
is abundantly , difengaged ; much hidrogen 
gas is emitted: the metallic oxide, in propor^ 
^fou ^ it 1$ formed^ di(rolve$ in the acid, which 

becomes 
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b^^omfs conc^tr^ted, and is found entire af- 
ter the folution. The hidrogen gas often car- 
xk^ with it fome fulpbur 01? cwbQn, which w?re 
combined with the metal; ^nd fon^etimes eveft 
the metal U diflblved in this gas. 
: jy.. The attraction between the (ulphurie aeid 
^nd wftter k exitreinely ftrong, and the pheno- 
inena^ afFomed by thdr union^ are. well: worthy 
of^being carefully inveftigated. They depend 
Ml the intimate penetration thfit tal^es pl^^ce be- 
tween thefe two bodies, the expuJfion of the ca- 
loric, which accpfnpauie$ it^ aiid the particular 
degree of attraftion wliich exifts between vaTiou3 
4o£es of acid aj:id water. As thefe phenomena, 99 
well as their caufe, are here exhibited with much 
energy, arid may ferve to facilitate the explana* 
tion of thofe which occur in feveral fimiUr ope-r 
ations, I lh*Jl defcribe them wiA thJ^t preciir 
fion which is necdfery for aft ImportRnt Aihje4 
of theory, which has been treated Qf top fuperr 
ficially, or even tot^ly negleSf d by the writerf 
on chcmiftry. If four parts of poncentr^ted fyl* 
phuric acid be mixed iWith one part of ice at Ot 
an elevation of temperature is produced even at 
the moment of combination between thefe twp 
todies, and of the fufipfi of the ice, vhich fifes 4^ 
far as twentyf^four degrees of Eeaumur's fcrie^ 
% experiment we leam, that the proportion?, ift 
the mixture abpye mentioned, ^ve ti^ofe wWeb 
give the greateft ppffible hes^t ; it proves thgt, jlii 
its unipn with the acid, the fro;5en wsiter, tbPiigh 
4^ beeomefi liquid, acquire a 4etfyiy mmh 

greater 
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l^atec thAn it J>offeffe4 in it« ftate of ice, : Bjr 
inviei^iiig the ^portioub, thai is to fayv of fbiHT 
pHrts'of ice atO, and of otie.part of concent rat* 
ed ful^hurit acid, the theritrometer, when plunge 
ed in it, finks to fixteen or wghteen degrees, be*- 
lotr a Notwithftamdinj^ the fail of tiic then- 
moi^fieter in this . <^afe^ ^Ihere is an equal propoiv 
tiloti of heat difeitgaged as in the :preicedmgcio>f 
fmmcnt But ali this -dtfetigag^ment 'takes 
^lace, the caloric vhich^ on abandoning t>ne ^k*- 
teenth jiiart of the ice employ^, in order to^a«• 
tm-ate the acid in di6 fame, manner as Jib the 
preceding experiment^ ought alone to raife the 
temperature 20° above 0, is iHimediately abforb*- 
ed, togettier with a portion of the heat of the 
iurrounding bodies, by the othfer fifteen-fix-' 
teenlhs^of^dfieice, which are fufed in ordrcc Id 
combine Ivitii the acid after the former fixh 
teenth piairt which firft jpnited w^ith it It^w^ft 
be riemarked, that the attf aftiota between the 
*co!acentrated fulphuric acid and ice, has, in 
coimition with till the other combination*, a 
potntof mas^hnum or of faturation; .that tjhis 
jioitrt is, in the prefent inilance, when -four parte 
of acid unite with one .part of ice; that as, in 
thentiion of thefetwo bodies at tiiis dbfe, there 
is a -ftrcHig condenfation of their particles, therfe 
IB alfo a gteat difengagement of caloric ; that 
Any portion of ifce exceeding this ^rate of. ib- 
toradiidn, bfeing kfs ilrongly attraS^ed by the 
aicid, will undergo lefs condenlfation, and lofe 
lei^ ca^oBC ; hence, it is^ that there are eigbttel^ 

degrees 
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degrees of refrigeratiwi, inftead of the bundre4 
and fixty degrees of heat, which calciilatioii 
would give for the four parts of ice united to 
one part of acid, on the fuppiyfition that the acid 
could difengage from thefe foilr pai^ of: ic^ 
the fame proportional dofe of caloric as it dit 
engaged from one-fourth part aloiie in the firft* 
mentioned experiment. In order to render thi$ 
double efFeftftill more >rident, which, at firft 
view, leems' contradi6lory, I ihall obferve, that 
when the concentrated fulphuric acid has ar- 
rived at the firft point of faturation, which re-» 
quired only one' part of ice to four parts of acid^ 
its attra6iion for frefli quantities of ice not being 
entirely fatisfied, and undergoing only a pro*- 
portionate^ diminution, there are fucceffively 
<Iifengaged from die mixture, quantities of ca* 
loric, capable of preventing the cooling to one 
hundred and feventy-fix degrees, till the at* 
tra£lion is weakened to the point when no more 
caloric can be difengaged from the mixture J 
and the ice, which ftill tends to unite with the 
acid, is obliged to abforb a portion of caloric 
foreign to the two fubftances in combination, 
fWimdy, from the furrounding bodies^ 

18. The effeft of the combination between 
t\ui fulphuric acid and liquid water, is always 
ifmrkrd by a development of heat, becaufe the 
i^iiciunftances that have juft been pointed out, 
Mu\ which arife from the folid ftate of the ice, 
dii 11(1 1 here exift. The mixture of water and 
iUlpHuric acid, M'hich produces the greateft heat, 

confifts 
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confifts of four parts of add ^nd one of water; 
or the i)^e proportion as was ufed fdr the icei 
The temperature here rifes to one hundred and 
twenty degrees, or nearly double that which is 
produced by ice : a portion of water is, there- 
fore, Aiddenly reduced to vapour, with a fmaB 
quantity of the acid, and this experii6ent is ifot 
without danger, when the mixture is incautiouO* 
ly made, as by pouring the water upon a large 
quantity of the acid, inftead of gradually pour- 
ing the acid into the wateri The motion and 
rarefadlion af6 fo fbddeh, that, in that cafe, a 
violent hiffing is produced. The air diflbl ved 
in the water is expelled by the addition of the 
acid, and the denfity of the Ikjuor which refults 
from this combination, is proportional to- the 
attractions AV'hich exifts betweefn thfefe two'bo- 
iidSf'knat&^e quantity of caloric which aban- 
dons theni. Thus lihe fpecific gravitv of thfe 
fulphuric acid, diluted with water,' iSrnisfver pro- 
portionate to the mixtiii^e of the two liquids ; 
and though ufeful to be determined, for mak- 
ing knoVra alad'cbmparihg the degrees nif fort$e 
of this acid, ^it'is not adapted to give the re- 
fpcAive quantities of water and acid which are 
thus united. Accordingly, as the proportion of 
water added to the fulphuric acid is increafed, 
•and the effect of the condenfatioii is lefs, the 
•areometer indicates the quantities of this acid 
more accurately; namely, as it'fink^ dei^per 
into it, and as it approaches nearer to O; Thfe 
taft^ and ftrength of the lulphuric acid dimi- 

ni/h 



uih in t»t()pQrtiom to its diUtion I^y y^^Uty ^f^ 
M the firft qualitkies of this liquid^ whkh lafe 
iQtrodiKi64» adhere »mofe iiri(>t|gly, k i* eai^lj' 
uliderftaod, . thai -when it Is ^^pofe4 to 4i»e>eiSioq 
of heat, in order to concentrate it, ^h^.-^fft^jffc? 
pours of the water which sure ^i%i^^4>€W^Wiifil 
ahandoB k much inoare i^adily t;}ian the rl^jb^^ 
and are veiy diiBScult to be feparated- « la patti^ 
cular when thi^acid has arrived at fuch a deigra^ 
of re^lificatioB, that it contains ^n\y the ^Xh 
part of itft weight of water, i/t becoi^weg^ aieceflarjf 
to.mcFeafe its temperatuDe, 4^ 9.cQ|i4i(iefahte4ef. 
gree, in order to, deprive jit <^ thic^ ialMni^ntioftf 
ed portion. 

19* The fulphuxic^Qid has a great) ati^^a&ioqi 
for metallic oxides in general .; therc^ui^ iib^9f^ 
from whidi it difengages.aporti^^.iQi^^?} 
when thej are ^overloaded wkh thifiifl^ifl),'^^^ 
wfaqfiit cannot coiaihine wkh them, e^^^fl^t w. a 
fmaller dqgcee of oxidation. It i3 jBven i«ii^,:*i| 
fome inftances, for the piirpofe of: extr^^pjtg^ 
from diefe Gixides, the portion of o^igen ;wl|ich 
they are capable of affording 4|ia.;gaiij^ttsftftte 
hyheat; Hiere :are others which it diffoif^sin 
whatever ftate of oxidation they may ihe. . Axk^ 
lalily, there .are certain oxides Awhich tefufe to 
combine wkh k; fuch, in parti Cjalari. ai^ ^ofis 
w'hich, when faturated with;Oxigqn);j|.«e»capftbte 
of becoming acids. CombinjatioM of the ful- 
f>huric acid with the metallic oxides, ^form lalte 
fWore or lefs acrid, foluble/ and cryftallizabH 

.. which 
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which will be treated of imder the article of 
xnetals. 

20. The fulphuric acid does not combin? 
with ^e carbonic acid : being much ftronger 
Jhjin.the Utter, it expels it from all its combinat 
tion^ as well as from the water to which it is 
united. It difengages it in tlie form of gas, 
and with effervefcence. 

21. There is no union bet M''een the phofphoric 
and the fulphuric acids. Thefe two liquid 
acids only n^ix together. The fulphuric acid 
attrajfts water from the phofphoric, and concen-- ^ 
trates the latter by weakening itfelf. When 
thefe two acids are mixed, they are eafily fepa^ 
rated by the aSion of heat ; the fulphuric acid 
tifes, and' the phofphoric remains at the bottom 
of the diftilling veffel, cither in the form of a 
tranfparent, and, as it were, mucilaginous rmat^ 
ter, or in that of glafs, if the retort has been 
made fufficiently hot to melt it* The fepara- 
tion of the laft portions of fulphuric acid rcr 
quires a great degree of heat 

22. The phofphoreous acid, in the cold, un- 
dergoes no alteration from the fulphuric acid : 
die latter deprives the former only of a ceitain 
quantity of the water it contain^. But when 
(thefe two acids, mixed together are heated, at 
the moment when the fulphuric arrives at the 
ftate of ebullition, the phofphoremis deprives it 
.^f a portion of its oxigen, relative to the quan.- 
tity of phofphorus which it contains, and paffes 
fhtirely to the ftate of phofphoric acid, while 

Vol. II. H the 
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the decompofed . part of the fulphuric acid is' 
difen gaged in the ftate of fulphureous acid 
gas. ^ ^ ^ ' * • 

23. The difcoveries made relative to the fal- 
phuric acid, from that of its origin, and the 
various, methods of procuring it, to that of its 
intimate nature, or decoitipofition^ have greatly 
contributed to the advancement of human 
knowledge, and the extenlion of the arts. . The 
phenomena pf nature have been better known^' 
in the formation of the falts into which this acid 
enters, in the efflorefcence, or fpontaneous de- 
compofition of pyrites and metallic fulphurets^ 
by the Gonta6l of air, in volcanic produ;6lions> 
in the mineralization of metals, waters, &c; 
This acid fpeedily became an inftrume^t, which 
induftrious men have applied Avith fuccefs to a 
number of operations in the arts and manufac*' 
tures ; it has, itfelf, afforded the means of mak- 
ing a great number of fucceffive difcoveries re- 
lative to the nature of falts, their decompofition, 
and the proportion of their component parts ; 
and it has become, one of the principal agents 
of the chemical proceffes of the laboratory. 
.. 24. Medicine^ which has fought for prefei-va- 
tive, palliative, or curative means, in all thepro- 
iriudions of Nature and the arts, has employed 
.the fulphuric acid^ either concenti-ated, as a 
:cauftic, for burning, or diforganizing the parts 
-in fome external difeafes, or when diluted with 
.water, and mixed with different beverages, as 
: ....:... a cooling 
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Cooling, autifeptic, and antibilioiis remedy, in 
a great number of internal diibrders. 

25. Sometimes, by unfortunate and dreadful 
miftakes, tbis acid has been fuallowed in its 
fiate of concentration : it tlien a6ts as a very 
violent corrofive poifon, and quickly dilbr- 
ganizesthe vifcera which it touches, or upon 
which it refts during a few minutes. The oils, 
gums, and mucilaginous drinks, which have 
continually been prefcribed in thefe cafes, 
only tend to fill the ftomacli, without fuf- 

. ficiently deftroying the adivity of this poifon, 
which is fo fpecdily deftruclivc. Sope-water, 
which has been ftrongly recommended as an al- 
kaline fubftance, always at hand in every houfe, 
to be ufed in cafes of poifoning by acids is a 
much better remedy. It will be feen in the 
next fedion, that the earth, known by the name 
of magnefia, diluted in water \vith fugar, or 
mixed in water with fyrup, is of all remedies, 
that which deferves the preference. 

26. In pharmacy, the fulphuric acid, befides 
the fimple mixtures which are prefcribed by the 
phyficians, ferves for the preparation of a num- 
ber of chemical medicines. In the manufac- 
tures and the arts, there are few fubftances 
which are fo ufeful, or fo frequently employed 
as this acid* It is, for this purpofe, that in 
many manufaflures and trades, a chamber of 
lead, deftined for the fabrication of the ful- 
phuric acid, is almoft as neceflary as moft of the 
inftruments, or uienfils made ufe of in the labo- 

H 2 ratories 
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^atoriea of chemiftry- It would be ufelcfe anil 
irregular, in this article, to defcribe the nume*' 
Tous arts in which the fulphuric acid is ufed ; its 
application will be perpetually mentioned in 
the courfe of this work. It is, on account of 
its very numerous nfes, that the manafa£iorie» 
of the fulphuric acid by the combuftion of ful- 
phur, have been fo much increafed during the 
lafl twenty years in England^ Holland, and 
France. 

27. It is fortunate for tlie wants of the arts 
which make fo great a confumption, and which, 
having been aceuftomed to its ufe for more than 
thirty years, could not, at the prefent day, be 
deprived of it without the greateft misfortunesf 
happening to the proprietors, that the fabrica- 
tion of the fulphuric acid by the combuftion 
of fulphur in chambers of lead, now almoft ge- 
nerally fubftituted for the method of extrafldng 
it from the fulphate of iron by diftillation, has 
attained fuch perfeftion, that immediately after 
this im]>ortant difcovery, the price of this acicl 
underwent a diminution of nearly one-*fifth of 
its firft and ancient value. The conftruftion of 
leaden chambers, their management and ufe, be- 
gin to be fo generally extended in the French 
Republic, that tlicfe ingenious works have in- 
creafed fo as to have nothing to require of im- 
jirovement from neighbouring nations, the rivals 
of the glory and profperity of the French na- 
tion, and even to fupply this article to many of 
the ftates which furround the French territory. 

Articlh 
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Article IX. 

Of the Sulphureous Acid, 

1. THE termination of the name of this acid 

fufficiently indicates, that it is to the fulphuric 

acid, what the phofphoreous is to the phofphoric 

acid, tijtat is to fay, a combination of fulphur 

and oxigen lefs abundant than the preceding ; 

•^fulphur le(s llrongly burned, an acid more 

veak, and, containing lefs of the acidifying 

po'inciple, aij intermediate ftate, in a word, it is 

between the oxide of fulphur and the fulphuric 

acid. It has been diftinguiflied by the names 

Toi fpirit 0f fulphur J and volatile fulphur eous 

acid. 

2* Tliough the ancients difcovered fome of 

its properties, and often prepared it by burnir^ 
fulphur in their facrifices, or, in their arts, yet 
Stahl was the firft chemift who began to ex- 
amine it with attention, in the early part of the 
eighteenth century. It is true, that, for near 
txalf a century, he eftabliflied an erroneous doc- 
trine with refpe6l to its nature ; but this was 
the error of a man of genius, (ince it led his 
iucceflbrs to difcover the truth, It waai not 
till after 1774> and by the firft accurate labours 
of Lavoifier, that this acid was known to be 
coippofed, like the fulphuric, of fulphur and 

oxigen, 
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oxigen, and that it differs from it only by a 
lefs proportion of this latter principle, Dr. 
Prieftlgy long ftudied it under the form of ^as. 
Citizen Berthollet afterwards made fome imporr^ 
'tant difcoveries relative to this acid, its format 
tion, decompofition, combinations, and ufe3. 
And, laftly, Citizen Vauquelin and myfelf, care- 
fully examined fc veral of its properties, particu- 
larly thofe of the faline compounds, which it is 
fufccptible of forming : from thefe various in- 
veftigations, it is one of the acids beft known at 
the prefent day. 

3. The fulphureous acid exifts abundantly in 
nature ; it is found in the environs of volcanos; 
is difengagec} from fome lavas in fufion, from 
fulphurated and hot foils ; it was the vapour 
of this acid which fuffocated Pliny the naturalr 
ift, in the famous eruption of Vefuvius, by 
which Herculancum was fwallowed up in the 
79th year of the Chriftian era, and of which 
Pliny the advocate, his nephew, has given fuch 
a beautiful defcription. 

4. Notwithftanding this abundance of the 
fulphureous acid in nature, as it is difengaged 
and diifipated in the air, in thefonn of an elallic 
fluid, it is artificially prepared for the arts, and 
in chemiftry. There are two procefles for ob- 
taining it. One confifts of (lowly burning ful- 
phur over water, which becomes loaded with 
fulphureous acid gas^ in proportion as it is form- 
ed. This acid was, alfo, fonnerly prepared in a 
fimilar way, under the name oi fpirit of fulphur 
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fy ike belly becaufe fulphiir was burned under a 
beH-glafs moiftened with water ; but this tedious 
operation, by which a quantity of acid was Ipfl^ 
was fubje6i to the inconvenience that only a 
veiy fmail quantity was aflforded, and this was 
often mixed M^ith fulphuric acid. The other 
clafe of proceffes, which are far preferable, and 
are the only ones employed at the prefent, con- 
fiftin the decompofition of the fulphuric acid 
hy many combuftibie bodies. It is known, that 
iiioft of thefe bodies deprive it of the portion of 
oxigen, exceeding that which conftitutes the 
fulphureous acid, fo that they bring it to the 
ftateofthis latter acid. 

5. A great number of different combuftibie 
bodies may be ufed, for thus partly decompof- 
ingthe fulphuric acid, and reducing it, by the 
fubtraftion of a part of its oxigen, to the ftate 
of fulphureous acid. All vegetable and animal 
fubftances may ferve for this purpofe ; but as by 
various vapours, and paiticularly by the car- 
bonic acid which they afibrd, they may con- 
taminate the fulphureous acid, when required 
to be obtained in the form of gas, we ilipuld 
prefer a metal, which has not this incoiive- 
niencis. One^ part of crude mercury, and two 
parts of eoncentrated fulphuric acid, are put 
into a fmall glafs retort, with a long neck ; this 
is pafled under receivers full of mercury, Sup- 
ported by an hidrargiro-pneumatic tub ; and 
the bottom of the fetort ia heaied, . till ah ef^er- 
v^feence is produced. When: the acid is boil- 
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ing, the tncrcufy begins to deconi|k)re it, tod, 
in proportion as it becomes oxided, there is a 
difengagement of fulphureous acid gas, which 
is collefted in the receivers. In order to ex*- 
plain this decompofition, it might be faid, that 
the mercury abforbs from the acid \t& fulphuric 
portion of oxigen, and leaves it the fulphureous 
portion. 

6. The fulphureous acid thus ol^tained, and 
fufed in caloric, has the form of gas; it weighs 
a little more than double that of the air ; this 
excefs proceeds to 0,17 more than double the 
quantity, So that if a certain volume of air 
weighs 0,46, the fame volume of fulphuric acid 
will weigh 1,03. It has a fliai^p and acrid fmell; 
this is well known in the blue combuftion of 
fulphur, which is there in the a6l of affording 
this acid, Its tafte is harfli, it reddens blue ve- 
getable colours, and deftroys moft of them : the 
vapour df fulphur, inaftateof combuftion, is 
alfo emj)loyed for taking out the ftains of firuit 
from lijien, the fulphureous acid alfo forms one 
of the moft ufeful articles in the art of bleach-^ 
ing. When received in the mouth, or up the 
nofe, it produces fneezing, cough, and caufes 
tears to flow ; it fufpendsthe animation of, and 
kills animals. As fat ias it has hitherto been 
afcertained, one hundred parts of this gas con- 
tain nearly 0,85 of fulphur, and 0,15 of ox- 
igen. 

7. The ftilphureous acid gas ftrongly refraSis 
the light without being changed by it ; it is di* 

latedj 
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kted, or rarefied by caloric, and is fufceptiblc 
of liquefaftiou at 28 degrees of cold- This 
latter property difcovered by Citizens Mongc. 
and Cl6uct, and by which it is diftinguilhed 
' from all the other gafes, appears to be owing to 
the, water which it holds in folution, and to 
"srhich it adheres fo ftrongly, as to prevent an 
accurate eft i mate of the proportions of its radi- 
cal and acidifying princ iple, ' According to ray 
txperimcnts, when ftrongly heated, as in a red- 
hot tube of poixelain, it remains without altera- 
tion. Prieftley and BerthoUet aflert, that it de- 
pofits fulphur by long expofure to heat.' 

8. It does not immediately abforb oxigeu 
gas when it is itfelf in a gafeous form, but can 
alone abforb oxigen from feveral bodies which 
arc overloaded with it, and, by this means, re- 
pafs to the ftate of fulphuric acid. It will, 
alfo, be feen that, in the fluid form, it more per- 
ceptibly abforbs oxigen. It has no a6lion upon 
teote, nor azote gas, and, in confequence of 
tliefe two nullities of etfed; upon oxigen and 
azote gafes, it undergoes no alteration by air. 
By pafling fulphureous gas and oxigen gas 
through a red-hot earthen tube, fulphuric acid 
is again formed. 

9. In the cold and by fimple conta^S, there is 
no a^ion between the fi»lphureous acid gas and 
liidrogen g-as, but at a high temperature ; for 
inftance, by pafling thefe two gafes through a 
T^d-hot tube, fulphur is fuddenly depoftted, and 
Vat^ is fwtf^^, ][f the pro^ortioa of hidrogeft 
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gas be much fuperior to that of the oxigcnconn 
tained in the fulphureous acid gas, a difengage-^ 
ment of fulphurated hidrogen gas takes place. 

10. Carbon has no action in the cold upon 
fulphureous acid gas ; when red-hot it com- 
pletely decompofes it, as when the gas is palTed 
through an earthen tube, containing charcoal, 
and made red-hot Some fulphur is depofited 
in cryftals, and carbonic acid gas is formed in 
this operation. , 

11. Phofphorus does not aft in any nntanner 
upon fulphureous acid gas ; it has been feen 
that phofphorus abforbs the portion of oxigeu 
from the fulph uric acid which exceeds its ftate 
of fulphureous acid ; and that it brought the 
firft of thefe acids to the ftate of the fecond, 
without producing any for the change. Phof- 
phorated hidrogen gas is decompofed by ful- 
phureous acid gas. By the mixture of thef^ 
two gafcs a white and thick fmoke, or folid^ 
phofphorated fulphur is depofited in a denf^ 
white fmoke, and water is formed. The attrac-i^ 
tion of the fulphur for the phofphorus is hen 
feen to perform thp part of q^ double attrac' 
tion. 

12. There is no attra<5lion between fulphur^^ 
and fulphureous acid gas. Thefe two bodies 
cannot be combined by any procefs, and con- 
fequently the acid cannot thus l^e brought agaii 
to the ftate of oxide of fulphur, as tlic theory ^ 
might feem to indicate. Sulphurated hidror 
gen gas, even at the inft^nt of CQii^ft? i?' de- 
compofed^ 
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compofed by the fulphureous acid gas ; both 
become condenfed, turbid, and depofitfolid ful- 
phur and water ; the caloric being fet at liberty. 
We here again obfer\'e the effe6l of a double at- 
tra6lion, generated without the application of 
heat, between two binary compounds. 

13. The diamond undergoes no alteration on 
the part of the fulphureous acid gas ; the great- 
eft part of the metals alfo remains untouched 
by it; the water which this acid always holds in 
folution, does not render them more alterable. 
It is only the ftrong attraction of fome of the 
metals for fulphur which caufes this acid to be 
decompofed by fcveral metallic fubftanccs, as 
will be feen more fully hereafter. 

14. Moft of the metallic oxides (of which I 
here fpeak before I mention the atHon of water, 
.becaufe this laft requires to be entered into more 
minutely, and even refers to a previous know- 
ledge of the attraction of thefe oxides) have an 
aftion upon fulphureous acid gas which fomc- 
times depends upon their attraction for the ful- 
phur, and fometimes upon their fmall attraction 
for oxigen, A\^iich they then yield to the ful- 
phureous acid. In both cafes, this acid pafles 
to the ftate of fulphuric acid, but with this dif- 
ference, that in the latter, pure metallic ful- 
phates arc formed ; in the former, on the con- 
trary, the falts are mixed with metallic fulphu- 
rets, and are fpecies of fulphuratcd metallic ful- 
phates; becaufe, in that cafe, a portion of ful- 
phuric acid is formed only at the cxpence of 

the 
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the portion of fulphur exceeding this acid m 
the fulphureous acid. 

1 5. Water has much attraction for the fnU 
phureous acid gas. Ice, when put in contad 
with it^ melts with fcarcely any change of its 
temperature. Fluid water abforbs and lique- 
fies it very eafily. As it is extremely conve- 
nient to preferve and employ it, when condenf- 
ed in this liquid form, for a great number of" 
experiments, or operations in manufaftories^ 
it is prepared in this form by caufing the ful- 
phureous acid gas which is difengaged during 

the decompofition of the fulphuric acid, heatecL 
with combuftible bodies, to bepaffed into de — 
canters, or veffels filled with cold water. It i 
firft paffed tlirough a very fmall veffel full o 
water, in order that it may depofit the portio 
of fulphuric acid much more foluble than itfel^^ 
which it always holds in a ftate of vapour=;« 
The fulphureous acid gas, deprived of this acid. ^ 
arrives pure at the fecond velTel, which is of 
tall and narrow figure^ to facilitate, by preffu 
the condenfation of the gas in the wate»r". 
When the efFeft of the tubes, which condui^S; 
this gas to the bottom of this liquid, is obferv^ »- 
ed, we may perceive bubbles of fulphureous aci 
gas, of a very large fize in this lower region, di 
ininifh in bulk -and difappear, by becomin 
fixed and liquefied before they arrive at th:"* 
furface of the water. This liquid abforbs th-^ 
more of this gas in proportion to its coldnefft?-- 
At 4 or 5 degrees +0, it may take up onr^ 

third 
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third of its weight. Water abforbs but very 
little at 75 degree and at 100 degrees the ab* 
forptiou ceafes : there is but a very fmall quan- 
tity of caloric difengaged during the fixation 
of the fulphureous acid gas in liquid water. 

16. In this ftate of liquidity, improperly call- 
-cd folution, it ought to be denominated fulphu- 
reous acid, as is done with regard to all the other 
acids under the liquid form. This is the form in 
which it is moft frequently employed, and of 
irhich the properties are requifite to be knoinj. 
The gas thus liquefied does not much increafc 
the weight of the water, from which it difen- 
gages but little caloric on becoming fixed. 
Bergmann aflerts that this liquid acid has the 
fpecific gravity of only 1,00246, and adheres to 
it fo forcibly that the freezing temperature can- 
not expel it, as it does the carbonic acid. It is 
alfo njeceffary to heat it much more than this 
latter folution, in order to feparate the fulphu- 
reous acid from it in the gafeous form. It gives 
out a much lefs quantity of bubbles, and with 
much lefs readinefs than that acidulous water, by 
fubtraction of the weight of the air in the pneu- 
matic machine. The liquid fulphureous acid 
has the fmell, tafte, and difcolouring property 
ef fulphureous acid gas. It gradually abforbs 
OKigen either in a ftate of gas, whether pure, or 
mixed with atmofpheric air, and paffes, though 
very flowly, to the ftate of fulphuric acid ; tliis 
eflfe^t takes place the more readily, tlie more 
it is diluted with water, and the more it is agi- 
tated 
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tated in coritaft with the air. In other refpeGtSf 
this acid liquor ads in the fame manner as the 
gas itfelf upon combuitible bodies, by the affift- 
ance of heat, which caufes it to affume the ga-* 
feous form. In a cold temperature, it decom- 
pofes the phofphorated hidrogen and fulphurat- 
cd gafes, and precipitates from them either 
phofphorated fulphur or pure fulphur. 

17. The fulphureous acid, whether gafeous.or, 
liquid, is ftronger than the carbonic acid ; it 
feparates it from its bafes and from water. The 
fulphureous acid gas, received in the liquid car- 
bonic acid, takes its place, and diferlgages it 
in gats. 

18. It is weaker than the phofphoric and 
the phofphoreous acids, which expel it from 
the combinations in which it is engaged, with- 
out any alteration being produced in either of 
the fubftances. 

. 19. As it is much lefs ftrong than the. ful- 
phuric acid, it is difengaged by the latter with 
eifervefcence, in the f6rm of gas, from its com- 
binations, and even from water. The concen- 
trated fulphuric acid abforbs the fulphureous 
acid gas, which colours it yellow and brown, 
and renders it odorant and fuming. Thefe two ^ 
acids attrad each other fo ftrongly that, when 
fubmitted to the action of heat, the firft vapour 
which rifes cryftallizes in long, white, needled 
prifms in the cool receivers. This fingular 
concrete acid, which is obtained by diftilling 
certain black and fuming fulphuric acids of 

Saxony, 
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Saxony, fuch as that of Northaufen, is a comr 
bi;iation of the fulphuric and fulphureous acids. 
It fmokes in the air, and when the atmofphere 
is very humid, it quickly diffolves with an ap- 
pearance of ebullition. It has a ftrong fmell of 
fulphureous acid ; when thrown into water, it 
makes the fame noife as when a hot iron is 
plunged in it. If the water be aerated, and em- 
ployed in abundance, the acid lofes its property 
of fmoking, and ceafes to be fulphureous. It is 
made artificially, and its compound nature of 
fulphuric and fulphureous acid is afcertained, 
^y loading the firft of thefe acids with fulphu- 
reous acid gas, and diftilling, at a gentle heat, 
^fter it has been rendered fuming by this com- 
bination. I have publillied this circumllance 
^ a particular memoir. 

2o. The fulphureous acid is much employed 
^^ the arts, and in medicine. In gas, it ferves 
for difcolouring and bleaching, particularly 
mk and woollens. It takes out vegetable fpots 
^^ iron-mould ' from linen. Phylicians pre- 
fer! be it as an attenuant, particularly in aifec- 
tions of the lungs ; it is not improbable that it 
^ay fometimes aft in the animal economy, by 
abforbing an excefs of oxigen which probably 
caufes fome kinds of difcafes. 

It muft have been feen by the details, prefent- 
ed in this article, that the exa6l knowledge of 
this acid has very much contributed to the ad- 
vancement of fcience, and had great influence 
iipon the progrefs of natural philofophy. . 

Article. 
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Article X. 

Concerning tfte Nitric Add. 

L THE acid which i& diftinguiihed by the 
. name of the nitric was unknown till the confir- 
mation of the pneumatic do^rine. It was con- 
founded, in general, with what was called fpirk 
*>f nitre, and even with the nitrous acid ; as the 
method of preparing it was even unknown. It 
might, perhaps, have been proper to change the 
name of this acid, and call it the azotic acid, 
according to the rules of the methodical nomen- 
clature, on account of its radical azote; but 
I have, elfe where, obferved, that this laftn^me 
not being confidered as the beft which might 
have been applied to that combuftible bafe, it 
was not thought proper to admit this change, 
sOnd renounce the generic expreflion of nitre fo 
long adopted, for another term which <iid not 
appear fufficiently accurate. 

% As it is only in confequence of the experi- 
ments and principles of the modern French che- 
mifts that we have acquired a knowledge of the 
nitric acid, its accurate hiftory does not date 
far back ; at moft to the year 1774 or 1 776. It 
is to the fucceffivc experiments and difcoverics 
of Prieftley, Lavoifier, Cavendlfli, and Berthol- 
let, that we are indebted for ou4" pofitive know- 
ledge 



NITKIC ACID. H3 

ledge acquired on the nature of this acid. It 
is known to be formed by the radical, azottf, 
united to complete faturation with oxigen, fo 
as to contain 20 parts of the former, and 80 of 
the latter. In our arrangement it occupies the 
fourth rank among the acidifiable bafes, be- 
caufe it is entitled to this order from the attrac- 
tion of its bafe to oxigen, compared with the 
three other acidifiable bafes; carbon, phofphonis, 
8-iid fulphur. 

3. The nitric acid exifts abundantly iti na- 
ture, which forms it inceffantly by uniting 
3-zote to oxigen ; more particularly afnong 
Vegetable and animal mattes which putrefy 
floivly. This is the general theory of natural or 
^^ificial nitre beds; but the acid is never found 
pure. It is united to feveral earthy and alka- 
line bafes ; fo tliat there is no other method of 
^l^taining it, but to extraft it from thefe natural 
^oinpounds. 

4, There is no doubt but, that, at fome^time 

hereafter, the art of preparing it artificially by 

^^Dfibining azote and oxigen in a direft way will 

^^ difcovered, tliough, in the preceding fe6lion, 

^ lias already been ihown, that thefe two bodies, 

*^ the ftate of gas, cannot unite by fimply re- 

'^^Hiaing in contafl. Mr. Cavendifh difcover- 

^^ th*,t by eleftrifying a mixture of thefe two 

%i(es in the proper proportions, their bafes, by a 

^«rtain time of eledlrifying, will abandon their 

Caloric, combine together and form acid : 

"^bich alkjaline folutions fpeedily abforb; fo that 

Vol, IL I the 
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the volume of the claftic fluids will gradually 
difappeaiv 

5. It Ik not eafy to give a reafon, or appre- 
hend the caufe of the refult of this beautiful ex- 
periment which, in connediow with thofe .Qf 
Prieftley, Lavoifier, and Berthollet, has thrown 
the greateft light on the compofition of the ni- 
trous acid. It is not yet fufiiciently known i 
what manner the eleftric fluid afls. It fome 
times is feen to reduce liquids into gas, to fepa 
rate and fufe together two combined gafefiabl 
matters, and, in other inftances, it caufes th^ 
bafes to aiiume the elaftic form, and favors thei 
mutual union. 

6. It is only by means of the chemical attra 
tions that we obtain nitric acid. It is extrafte 
from faline combinations, in which it is enga^*.- 
ed ; more particularly from that which is conrm - 
monly known by the name of nitre, to which a 
ftronger acid is in this operation applied. Ttxe 
fulphuric acid is chofcn for this purpofe : it 
fcizcs its bafe, and difengages the nitric acid in 
the form of vapours, which arc condenfed in tlic 
receiver. This operation will be fpoken of mai'C 
in detail in the fc6tion of falts. It is fufficiexit 
to notice, in this place, that it is prepared, or e:K- 
trafted by diftillation, and purified by heating 
it gently, till all the colouring matter is driven 
off, as well as a certain quantity of water which 
weakens it. 

7. The nitric acid, thus prepared, has th^ 
form of a colourlefs liquid poflcffmg the fpecifi^ 

gravity 
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g'^avity of 1,5 water being denoted by 1,0. Its 
acid tafte is fo fharp and cauftic, that it burns' 
a^G deftroys organized matters. When lefs 
concentrated it conftantly gives to thofe fub- 
ftances a tinge more or lefs yellow, and it red- 
dens and deftroys blue and moft other vegetable 
colours. One of the diftin6live chara6lers 
^hich it preferves until reduced as low as 1,3 
of fpecific gravity is, that it emits a fume or 
w-hitet vapour of a dauftic, auftere, difagreeable, 
and naufeous fmell ; whence it may be fecn, that 
by the alTiftance of its fimple phyfical proper- 
ties; the nitrous acid is eafily and with certainty 
diftinguiflied from all other acids. 

8. This acid, when expofed to light, refra(!^ 
it in a ratio fomewhat greater than w'duld fol- 
low its denfity. When it remains long in con- 
ta^ with light, the temperature being at the 
fame time fuperior to 20 degrees, it begins to 
undergo a decompofition ; a fmall portion of 
oxigen gas is difengaged, and the acid acquires 
a yellow or bright orange colour, by paffing 
in part to the ftate of nitrous acid. 
• 9. Caloric dilates- and volatilizes the nitrous 
acid without changing its nature, when the tem- 
perature is not very high; but if this be raifed 
ftrongly, as when the acid is pafled through 
^^ ignited earthen tube, it fepamtes into its 
t^o gafeous principles, and the' refult isan elaf- 
^^c fluid, favouring combuftion more than the at- 
^Ipheric air, on account of the great propor- 
^^oxx of oxigen gas which it contains. This ef- 

I 2 fea 



r-^' — . 



116. NJTRKJ ACIl>. 

feci of accumulated caloric on tha nitric acid, 
does take place on any other acid yet examined, 
and proves that its two principles which are 
both fufible in the form of gas^ are but flightly. 
adherent to each other; and agrees with the 
experipients which fhow that azote and oxigen 
in their nitric union, lofe but a fmall propor- 
tion of the folvent caloric, and are very mudi 
difpofed to aflume the form of gas,- 

IQ. There is no aclion between- the nitric* 
acid, Qxigen, and azote. Thefc two bodies in 
the. gafeous ftate are neither abforbed nor al- 
tered by the contad of this acid, which itfeii 
liiccwife undergoes no alteration whp-tever by^ 
fuch treatments As it is the faturated combi- 
nation of thefe two fubftances, it is a natnraL — 
confequence that it Ihould have no further a/t- 
tra6lion for them. Some compounds, mori 
efpecially the clals of animal matters, lofe thei) 
azote by the firft impreflion of the nitric acu 
upon them, which principle is then difengagecn^ 
under the form of azote gas. From this pro- — - 
perty, chemifts frequently ufe diluted nitric 
acid, to obtain azote gas from animal fub- 
ftances. 

1 1. When concentrated nitric acid is expofe< 
to the air, the vapour which exhales front il 
combined with the moifture of the atmofphere^:^ 
forms tlie white* fume which is feen, and wliicl 
gradually becomes condenfed in the liquid 
form. The acid itfelf abforbs and condenfe=- -^ 
the water of the atmofphere, which uibitin^^ 

witB:^ 
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with it, weakens its fpecific gravity, at the 
fainie that it adds to its weight. When the 
furrounding air is faturated with the vapour, 
and the acid, with the atmofpheric water, an 
tquiUbrium is eftabli/hed, in confequence of 
which no further attraction goes on, and the 
acid ceafes to emit fume. 

12- Hidrogen has a much ftronger attrac- 
tion for oxigen than azote has, whence it de- 
compofes the nitrous acid, though merely at 
an elevated temperature. If this acid and 
hidrogen gas be at the fame time pafled 
through an ignited porcelain tube, inflamma- 
ttofi and detonation takes place; water is 
formed, and azote or the nitric radical is fe- 
parated. As the fame phenomenon of inflam- 
mation and detonation does not take place with 
die phofphoric and fulphuric acids, though 
hidrogen gas decompofes them by the fame 
procefs, it is evident tliat it is owing to the 
almoft gaieous (late, or at lead to a difpofition 
to afltune this form, which the azote and the 
oxigen prefent in the nitric acid, as has al- 
ready been remarked. 

IS. It is to the fame caufe and ftate, that 
the manner in which carbon rapidly decom- 
pofes nitric acid, at an elevated temperature, 
is owing. At a red heat it is fuddenly fet on 
fire by this acid, and the produds are carbonic 
acid, and azote gas. Phofphorus and fulphur 
exhibit fimilar effefts when treated by heat, or 
^ fufibn with the nitric acid, which imme- 
diately 



3J6* NITRIC ACID. 

diately inflames them by virtue of the caloric 
xetaihed by its oxigen ; and converts them 
into fulphuric and phofphoric acids. But the 
fame rapidity of decompofition does not take 
place, if thefe combuftibles be treated in the 
cold nitric acid, or with the fame acid gently 
heated. They do not then feize the whole of 
its oxigen; but they abforb only a portion^ 
and convert it to the ftate of nitrous acid, or 
nitrous ojide, according to the proportion they 
have abforbed. By this gentle and more mo- 
derate adion, phofphorus and fulphur are 
flowly converted and burned into phofphoric . 
and fulphuric acids. It is one of the beft pro- 
ceffes which can be adopted to obtain phof- , 
phoric acid in a ftate of purity, and with 
fpieed; that is to fay, by throwing one part of 
the phofphorus, in fmall pieces, into four parts 
of the nitric acid fucceffively, till each of them 
has loft its form, and becomes confounded with 
the whole of the acid Uquid. This mi:xture 
of the nitric and phofphoric acids, is* then to 
be heated, in order to draw off the former, 
and obtain the latter feparate. 

14. No aftion takes place between the nitric 
acid and the diamond, whatever temperature 
may be applied. 

15. Moft of the metals decompofe nitric acid 
at all temperatures, feme of them even take 
fire by its contaft when in a ftate of divifion 
and heated ; moft of them take from it a por- 
tion of oxigen, which exceeds its ftate of oxide, 

and 
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and themfelves by that means become converted' 
into oxides ; in fome inftances feparating and 
falling down in powder, and in others remaining 
in folution in the undecompofed portion of the 
acid. The refults are metallic falts, which will- 
be defcribed in another fedion ; the metals are 
ufed to effect this femi-decompofition 'of the 
nitric acid, and to reduce it to the ftate of ox- 
ide and azote, which will hereafter be examin- 
ed. Some of the metals which are the moft 
greedy of oxigen, require the greateft quantity^ 
to faturate them, and completely decompofe 
the nitric acid, and reduce it to its radical, 
which is then difengaged, in the form of azote 
gas. 

1 6. Water unites eafily, and in all proportions 

iji^ith the nitric acid. This ftrong attraction- is 

indeed the caufe why it is never obtained in the 

form of gas, but conftantly in that of a liquid. 

If ice at the temperature O, be mixed with one 

fourth of its weight of nitric acid, of the fpe- 

cific gravity of 1,40, fixteen degrees of eold 

are produced, when the mixture is plunged 

into a bath, formed of one part of fait, and 

t:hree parts of ice. If into the iirft mixture/ 

t:hus cooled to 16 degrees, a fecond be plunged, 

confifting of the fame proportions of four parts 

tbf ice, and one part of concentrated acid, this 

laft defcends to 22°. And if laftly, a third bath 

be made, into which a third fimilar mixture 

of ice and acid be plunged, 30 degrees of cold 

^e produced, by which means mercury may, 

be 
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Ije frozen. Four parts of acid, and one p^rt of 
ice, or the inverfe mixture of the former, afford 
a degree of heat fomewhat lefs than is produced 
by the fulphuric acid, and accordingly the 
cold is lefs intenfe than with thofe of the firft 
mixture of the nitric acid. When concentrated 
l^itric acid is added to liquid water, there i^ 
CQuilantly a difengagement of caloric ; the 
ac^d is weakened, lofes its energy, and its 
weight, and fumes lefs, or ceafes to fume eii- 
tirely. Its mixture, as well as that of the 
(ulphuric acid, diluted with water, is of greater 
denfity than the mean calculated between the 
two feparate liquids^ This diluted acid confti- 
tutes the aqua-fortis of commerce. In fa6l, this 
aqua-fortis i3 almoft always impure, and mixed 
with various foreign acids, on account of the 
manner in which it is prepared, as we fliall ob^ 
fcrve in the hiftory of falts. The water united 
tQ the nitric acid, may be feparated by diftilla* 
lion, and the acid concentrated like the ful- 
phuric acid; but lefs heat and more caution 
3,re required to be ufed with this acid than with 
the latter, becaufe the nitric acid being more 
volatile than the fulphuric, rifes more eafily 
with the water, Neverthelefs, by this procefs^ 
nitrous acid, of the fpecific gravity 11, which 
does not fume at all, may be ealily raifed to 
IH, and made to fume abundantly, 

17. The nitric acid diflblves a certain i^um^ 
ber of metallic oxides, and forms falts, but it 
does not in general a6l; upon thofe which are 

overcharged 
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overcharged witi oxigcH, or adhere ftcoi^y to 
that fubftance. Often indeed when it hoUb 
fomc of thefe in folution, it eaiily fuffers them 
to. fall dowin, and it frequently happens, libe- 
wife, that thofe of the metallic^ oxides, which 
are not faturated with oxigen, but arc ftron jly 
attradliveof that principle, decompofethe nitric 
acid, and take from it a poition of oxigen, Cb 
as to reduce to the ftate of nitrous acid. This 
never happens but with fuch metallic oxides as 
are far from being faturated, and of which t]» 
attrad;ion for oxigen is at the fame time veiy 
ftrong. 

18. On account of its much greater ftrength 

than the carbonic acid, the nitric acid expels 

it from all the bafes to which it is united, and 
as it then affumes the form of gas, a very lively 

effervefcence is produced. It alfo feparates the 

phofphoric acid from its combinations, and 

difengages in the liquid form ; fometimes the 

reparation is only partial. We ftall return more 

fully to this fa6t under the article of phofpho* 

rus, in the fifth feftion. 

19. The phofphoreous acid, which, as is well 
known, is fimply the phofphoric acid, holding 

,a fmall portion of phofphorus in folution, is 
fpeedily converted into phofphoric acid, by 
the addition of concentrated, nitric acid, which 
burns its excefs of ^phofphorus. If the nitric 
acid be weak, it is neceflary to employ heat, 
This is the procefs to which I give the pre- 
ference, in point of cheapuefe, for obtaining 

without 
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without loFs, as tv^ell as without danger to the 
operator, the .phofphoric acid in a ftate of 
purity. I fufFer, according to the method elfe- 
where pointed out, phofphorus to bum in the 
air, and become converted into phofphoreous 
acid, I then treat it in a retort with one eighth 
of its weight of nitric acid, at the fpecific gra- 
vity t)f. 1,3, and I diftil by a gentle heat, to burn 
all the excefs of phofphorus, and difengage 
the nitric acid, of which part exhales in oxide 
•of. azote. The phofphoric acid remains pure 
and concentrated at the bottom of the diftilling 
apparatus. 

20. Thefulphuric acid, of which the attrac- 
tions are in general much ftronger than thofe 
of the nitric acid, does not, however, produce 
any change in this laft. When mixed with it 
there is a difengagement of caloric, becaufe 
the fulphuric acid in its concentrated ftate, 
feizes the water of the nitric acid, and con- 
denfes it more than it was condenfed in its 
union with the latter. The nitric acid is there- 
fore condenfed by the addition of the fulphurie 
acid, and by this means it becomes ftronger and 
more capable of producing certain effefts in 
chemical operations. 

21. The nitric acid a6ls otherwife on the 
fulphureous acid ; it not only is much ftronger 
than' this laft, fo as to feparate it from wq,ter 
and its feveral combinations, but it has alfo 
-the property of fupplying it with oxigen, and 
converting it into fulphuric acid, at the fame 

time 
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time that itfelf paffes to the ftate of oxide of 
izote. For this reafon it. is, that nitric acid, 
poured into fulphuric acid, which is frequently 
rendered impure by a mixture of fulphureous 
acid, purifies it, and renders it clear, by com- 
pletely burning not only the excefs of fulphur 
which It contains, but even the other combufti- 
ble bodies, fuch as charcoal andhidrogen, which 
it fometimes contains. But we muft nof con- 
fider this mode of purification which is frequent- 
ly ufed I in the :ai-ts, as certain and ufeful in 
chemiftry, uhlefs the fulphuric acid be after* 
wards heated- fufficiently to difengage all the 
nitric acid, and oxide of azote, which it contains 
after the addition of the nitric acid, 

22. It is not fufficient that the ftudent 
fliould be thus acquainted with the properties 
of the nitric acid in its entire ftate. As it is 
the moft decompofable, though the moft oxi- 
genated of .the known acids, becaufe its two 
originally gafeous principles have loft but little 
caloric in their mutual combination, and no 
doubt, for this reafon adhere but weakly to 
each other, it is eafily decompofed by almoft 
every combuftible fubftance, which feizes its 
oxigen more or lefs eafily; in fome inftanccs 
burning even with flame in proportion as, they 
abforb the oxigen into a more folid ftate than 
itexifted in the nitric combination. It is there- 
fore of importance to defcribe carefully the 
phenomena of this decompofition, which at the 
fame time that it throws light on a number of 

operations, 
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operations, will have the advantagCKJof rewdter* 
ingthe hiftory of aqid of nitie ntore clear and 
complete. 

23. When we announced that the nitric acid 
is a compound of 20 parts of azote, and 8D of 
oxigen, and fliowed that froip the flight iad- 
herence of thcfe two bodies, it ought to prov^ 
the mofl burning of all the Acidified com- 
pounds, and that when completely decompofed 
by combuftible bodies, f o as to have loft .the 
whole of its oxigen, it is reduced to t\ie ftate 
of its pure radical or azote gas, in proporti<:m 
to the difengagement of caloric which always 
takes place in thefe c^rations.^— I was care^l 
to remark, that the greateft number tf com- 
buftible 'bodies do not deprive it of all its 
oxigen, but feize only the quantity which con- 
Aitutes the acid form, and leave it that portioin 
which is requifite to give it that of the oxide 
of azote. As this fpecies of oxide which I have 
only pointed out at the third article of this 
feftion, cannot be prepared at leaft in fufilcient 
abundance to examine it well, unlefs by the 
partial dccompofition of the nitric acidic it will 
be proper to give an account of it in this 

place. 

24. Dr. Prieftley, by receiving under glafi 

yeffels filled with water, the gas which they dif- 
engaged in the a6lion of the nitrous acid on 
the metals, difcovercd the fluid which he de- 
nominated nitrous gas, which is truly the 
oxide of azote, . or gitric acid difacidificd. It 

was 
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wtoafterWards afcertained by Lavoifier, that in 
this tafethe me&ala feiea.oiear half the oxigen 
in the-nitHc . acid ; that out of 80 parte of this 
{ninoiple, they ti^e near 37> and confequcntly 
iMo Qi;brou$:g^ or oxtde of aissote^ which rtfult^ 
fhste this hi& decompofition, as I have already 
e]]^ fnrcml occafio]i9 obferyed^ b a: compound 
df 91^ of azote, and 6i& of oxigen^ This dif* 
acidified hoAy^ though it contains of oxic^en 
ttrice the weight of its radical, proret' that 
atote is in fad infinitely lefs> acidifiabk than 
tMft^ of the other combuftible bafes^ and forms 
when we confider it under this new point of 
vieWt an acid fo decompofabk, only becanfe 
ItB' faturation requires ib^^ large a doie of the 
acidifying principle; a circumftance which 
fhows the weakne& of its adherence. 

S5. This oxide of azote has been in iereral 
hiftinces compofed without nitric acid, by de^ 
cu^mpofing at an elevated temperature, as in 
{Hireclain tubes made red hot in the fire, mis:? 
ttm9 of iUbftances compoied x>f azote, and other 
oxigenaked matters, ds will hereafter be ihoM^n ; 
bot the moft expeditious and mod convenient 
prdoeis confifts in treating combuftible, mer 
tsiUic, or vegetable bodies with the nitre acid 
fomewhat diluted, and adapting to the coxin 
tuoivLg veffels, glafs tubes plunged beneath in? 
Utttedvcfiels of water. 

fi6. The oxide of azote thus obtained is it 
gas, >rteighing near 0,07 more than air, of a 
diiaigreeable ftyptic taite, and ilcong fmell, 

fimilar 
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fimilar to that of nitric acid, refracting the 
light without being decompofed, dilatable- by 
hisat, and not decompofable by fire, even at 
the temperature of the red-hot tube, through 
which it paffes without alteration, though the 
entire nitric acid is completely' decompofedJ 
Citizen Van Marum found that nitrous; gas 
through which, the eleftric fpark is paffed^ h 
le^uced to one third of its r<rolume, and cour 
verted -into azote gas and nitrous acid.' This 
gas is not acid itfelf> and does not redden blijce 
vegetable colours ; it is not foluble . in pure 
water; it extinguiflies moft inflammable.bodirfs, 
and deprives animals -of fenfation;. it ,oppofes 
the putrefadlion of animal bodies as a ftrong 
antifeptic. 

27. The moft permanent charaSer which is 
the moft remarkable and effential to be known 
in the oxide of azote, or nitrous gas is, that 
it again forms the acid by the mere contaft 
of oxigen gas. Thefe two mixed gafes pene- 
trate, become condenfed, fuffer the difengage- 
ment of caloric, and become changed into a 
red orange-coloured acid vapour," which red- 
dens blue colours, is foluble in water, iand.is 
not a nitric but' a nitrous acid. In order, to 
acidify in this manner, the oxide of a^oto -re- 
quires the proportion of oxigen which ,is want-* 
ing, namely, near two thirds of its, AVieightf 
This very lingular phenomenon - proves,, ithat 
the oxide of azote is very different fromazot^ 
gas, which does not combine with oxigeii 

gas 
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5as, but by long eleftrization. It alfo explains 
^vhy, when a folution of metal is made, or 
when a cojnbuftible body in general is treated 
iB^ith the very clear nitric acid in anopen veffel, 
there is a produ6lion of red vapour in the air, 
of which the oxigen gas is at once condenfed 
into nitrous acid by the conta6l of the nitrous 
gas which rifes ; whereas when this operation is 
made in a clofe veffel, no red vapour is feen, 
after the fmall portion of air which may have 
been contained in the veffel, has been con- 
fumed by the firft portion of oxide of azote 
that rifes. 

28, The rutilation or formation of red va- 
pours by the mixture of oxigen gas, is a 
kind of flame, which being accompanied with 
the difengagement of caloric, reprefents a fpe- 
cies of combuftion, and fliows that the oxide 
pf azote is much more combuftible than azote 
gas ; this laft being combuftible only by the 
affiftarice of eledricity ; the caufe no doubt de- 
pending on the denfe ftate of the azote in 
the nitrous: gas, and the increafe of its attrac- 
tion for oxigen by that means. We muft 
obferve elfewhere, that in this true combuftion 
the oxigen gas lofes only a fmall portion of 
caloric ; for by comparing the proportion of 
ice fufed by the heat, which is feparated in this 
Qombuftion from that which would be difen^ 
gaged from the fame quantity of oxigen gas, 
diiriag its fixation in phofphorus, Lavoifier 
found that it is only one ninth part, fo that 

. . there 
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there remains in the nitric acid near eight 
ninths of the caloric belonging to the oxigen 
gas, which enters into its compofition. 

29* It was natuml to believe, that' nit?ous gaa 
having the property of fei^iftg the Oxigen g&S| 
and of forming with it nitrous acid, might iferve 
to point out the proportion of this laft contlEiiiiect 
in a given quantity of atmofpheric aii*. It has^ 
accordingly, been propofed^ as the inftrument- of 
eadiometry; but it was foo^ afcertained that 
this method is not to be depended on, as well 
cm account of the variable nature of nitrous 
gas, which may contain more or lefs azote gas; 
according to the manner in which the nitric 
acid has been decompofed, as from the variduS 
proportions of nitrous gas which is diffolved in 
the nitric acid thus fonned, which conftitiltes 
the nitrous acid in the red vapour, a proportion 
which Ti^y vary by a number of circumftances. 
This eudiometric procefs is, therefore, almoft 
totally renounced, more efpecially fince Mkny 
othei* more certain and Jefs fallacious methods 
have been difcovered; neverthelefey on<rompar- 
ing the various eudiometric methods with eath 
other, Mn Humbolt thinks that nitrons gas is 
one of the beft methods of afcertaining the pro- 
portion of oxigeni gas contained in the atmo^ 
fphere, wheuy by other means, the quantity of 
azote gas, as contained in the nitr^oisus gas,^ is 
fixft determined. This may accurately be doni^ 
fcy examining it, firft by. a folution of fulpbate 
of iron, which abforbs the nitrous gM aloi;iei 
and leaves the azote gas. I fliall return in the 

hiftoiy 
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hiftory of iron, to this property bf abforbin|^: 
the nitrous acid which the fulphate of that me- 
tal poffefles. 

\ 30. The oxide of azote, or nitrous gas, does 
not aft in any manner upon azote. When mix 
ed with hidrogen gas, it gives a green colour to 
its flame. When both are introduced together 
in an earthen tube made red-hot, they take fire, 
and afford water and azote gas. 

31^ It has no a<5liou in a common tempera- 
ture on carbon, phofphorus, and fulphur. At 
an elevated temperature it bums them, and con*- 
verts them into acids, while itfelf paffes to the 
ftate of azote gas. It burns by the fimple con- 
tact of, the fulphurated and phofphorated hi- 
dn^nous gafes, and affords water, phofpho- 
rus, fulphur, and azote gas. It does not decom- 
pofe carbonated hidrogen gas. The property 
of decompofing fulphurated and phofphorated' 
hidrogen gafes, which nitrous gas poffeffes by 
becoming itfelf, at the fame time, reduced to 
azote gas, a property which is not found in ni- 
tric acid, proves that the oxigen adheres lefs to 
the azote in the nitrous gas than m the nitric 
acid. It feems, at firft confideration, that this 
affertion is contrary to the general theory, 
which demands that the firft portions of the bo- 
dy ihould adhere more ftrongly than the latter, 
but this contradidlion is here merely apparent^ 
Jind depends on the oxigen, and the azote of the 
nitrous gas being in another ftate than in the, 
nitric acid* . It appears, that it is to the calo- 
Vol. IL K ric, 
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t%Cj added at the moment of the formation of 
the nitrous gas, that the eafy feparation of its 
principles is owing. We fhall fee, that this 
Confideration is fufficient to explain the dif- 
ferences that exift between the nitric and the 
nitrous acids. 

32. The oxide of azote does not aQ; on the 
diamond ; moft of the metals are not altered by' 
it. The moft combuftible, however, are ox- 
ided in procefs of time, and reduce it to the 
ftate of azote gas. Wheii the metallic fulphu* 
rets in a very divided and moift ftate are plunged 
in it, thefe bodies gradually divide the two prin- 
ciples into infulated gafes, and, after forae days, 
the elaftic fluid is found to confift of air in a 
purer ftate than common air. At length, how- 
ever, the oxigen gas is abforbed, and the azote 
gas remains alone. 

33. Water, which does not diffolve nitrous 
gas, or the oxide of azote, converts it, never- 
thelefs, into acid Avhen it contains air. This is 
the reafon wliy it fometimes abforbs it in part, 
and then acquires a rough tafte, with th6 pro- 
perty of reddening blue vegetable colours. 

34. Some metallic oxides among the moft 
greedy of oxigen decompofe nitrous gas. In a 
courfe of time, they reduce it to the ftate of 
azote. Others, on the contrary, yield to it part 
of their oxigen, and, by converting it into an 
acid, form with it metallic nitrates. 

35. Nitrous gas has no aftion on the car- 
Ibonic and phofphoreous acids. It unites with 

the 



.the fulphuric acid, and ftfougly adhere$ to it, 
changing it into concrete or glacial acid j whifch 
is environed with an atmofphere that becomes 
ruddy in the air, and fuflfers the gas to difen- 
gage, while the acid itfelf is diflblved by the 
abforption of moifturc. It is liquefied, and 
very eafily fixed in concentrated nitric acid, 
which it then converts into nitrous acid, as we 
fhall fee in the following article. 

36, From the properties of the nitric acid al- 
ready explained, we may conclude, that no aci^ 
can be confideredas a more valuable inftrument 
.of philofophical procefs than this, and the exa6l 
knowledge we poffefs of its nature, its prin- 
ciples, their proportion, their almoft gafeous 
ftate, and their folid adherence, muft render it 
of extreme utility in chemiftry. They throv 
the ftrongeft light on its ufe in a variety of arts. 
No fubftance has advanced the fcience more 
than this ; no fubftance prefents an inftrument 
of analyfis of greater value ot certainty in its 
refults. When we confider it lilcewife as a re- 
remedy, the medical art, which is entitled to 
expe6l fuch eminent fervices from modern che- 
miftry, may ufe it in a great number of praftical 
indications. It has already been employed 
with great fuccefs in diforders of the fkin, and 
fyphilitic afFeftions, of which it may ferve to 
refolve the theoretic cuj[;ative problem. Few 
fubftances, in general, have fo ftrong a claim 
to the attention of the chemift, the phyfician, 
und the philofopher, as the nitric acid, or de- 

K 2 defexvc 
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deferve to be ftudicd, with greatfer attenti(>n, m 
ill its feveral habitudes. 



Article XL 



Concerning the Nitrous Acid. 



I. IT was in this ftate, atnd under this form 
only, that the nitric acid was formerly knoMna. ; 
in confequence of which the names of fpirit o"f 
nitre and nitrous acid were indiiferently givejCi 
to it : but, iince the eftablifliment of the pneut- 
tnatic do6lrine and the methodical nomenctefc- 
turfe, the nitrous and nitric acids have be^h 
trarefuUy diftinguifhed. The rules of this a no- 
menclature already fhow, that the nitrous atri^d 
tnuli have the fame relation to the nitric, as t^ie 
phofphoreous tothe'phofphoric, the fulphureoiis 
to the fulphuric acid, and that confequently^ it 
contains more of radical and lefs of oxig^en, 
^nd is therefore lefs acid and lefs ftrong. But 
thefe general ideas are not fufficient. It is xie- 
ceffary to examine this acid more in detail, in 
order to afcertain its differences from the nitric 
acid. 

2. The nitrous acid is formed whenever the 
oxide of azote or nitrous gas is diflbived in the 
nitric acid, whether that elaftic fluid be pafled 1,^^ 
immediately into the acid, and agitated together I fc 
with it, or whether a lower ftratum of the acid 1 u 
' " be 
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be llpwly decompofed by a combuftibk matter 

glunged therein, fo that the nitrous gas, which 

is difengaged, ihall become in part fixed in the 

upper ftrata of the fame acid. In this manner 

It is tb^t very clear nitric acid, at the bottom 

of which a metal is thrown, which gradually dift 

iblves and deprives it of a portion of its oxigen^ 

g-ifumes firft a blue-greenifli colour in the part 

which diffolves the difengaged oxide of azote. 

. 3. From a fimilar caufe it is that the nitric 
^cid, expofed to light, becomes coloured and 
Srellow, in proportion as it emits oxigen gas, be- 
oaufe in this cafe, as well as in the foregoing, 
4:he oxide of ^zotc, detained in the acid, colours 
stnd converts it into nitrous acid. The fame 
tubing happens when the nitric acid is heated, 
for a long time, in a retort; with this difference, 
liowever, that the oxide of azote, being diit 
iMgaged by heat carries with it ^n vapour a por- 
tion of the nitric acid, which it faturates and 
converts to an orange colour, 

, 4. It is eafy to underftand from, thefe firiJ; 
^ata, that the nitrous acid being merely a fo» 
lotion of nitrous gas i ji the nitric acid,, or , this 
laft acid, charged with nitrous gas, there muijt 
l)e many varieties of nitrous acid, according 
to the proportions of nitrous gas, which are 
united to the nitric acid, and that what i^ 
called nitrous gas is never a compound of a 
conftant and uniform i^ature. It differs, there* 
fore, iu thi§ refpe^l, fropi the phQfphoreo^s .and 

fylphureoua ?i9id3, which are cftAfta^t 3.n4 4^- 

terminate 
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terminate combinations of phofphorus and ful** 
phur, with the phofphoric and fulphuric acids. 
There is, rieverthelefs, a term in the union of 
the nitric acid with the oxide of azote, a; point 
df faturation beyond M^hich the union cannot be 
carried, namely, that at which the nitric acid 
is converted into a red vapour, very difficult to 
be condenfed, and diffolved in water. It apr 
pears that the proportions of azote and oxigcn 
contained in this maximum of nitrous acid, are, 
as Lavoifier has fliown, 25 of the former, and 
75 of the latter, which approaches very nearly 
to the ftate of nitric acid, and containing, as we 
have feen, 20 of azote, and 80 of oxigen. 
Prieftley has found that 100 parts of nitric 
acid of 1,4 of fpecific gravity, abforbed 90 parts 
of nitrous gas to become converted to the ftate 
of red nitrous vapour. 

5. Notwithftanding thefe varieties, and this 
indeterminate ftate of the nitrous adid, this acid, 
-neverthelefs, prefents a colle6lion of properties 
vhich diftinguifhes it Angularly from the ni:^ 
trie acid, and are charafteriftic of it. Wherj 
very pure, and in its maximum of oxigenation, 
that is to fay, at 0,75 of oxigen, it has the forni 
of a vifible gas of a deep red colour, holding wa-: 
ter in folution, and very difficult to be con- 
denfed in that liquid. This vapour is much 
ynore volatile than the nitric acid, and when 
this laft is diftilled, the portion of nitrous gas, 
which it may contain, rifes together with fome 
liitric acid, and is feparated in the form of rud- 

■'■■■•■■■ dy 
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dy vapour, fo as to leave the nitric acid in a 
ftate of purity. 

6. The nitroup acid, and that vapour which is 
the laft limit of this oxigenation, undergo no 
farther change on the part of light or caloric. 
Oxigen gas does not combine with it as it did 
with pure nitrous gas ; and though this gas be 
pafled through the red vapour, it is not con- 
verted into nitric acid; an efFe6l which depends 
on the adherence of the nitrous oxide to the 
nitric acid. Hence it is, that this mixture of 
gas, confifting of the red vapour, and oxigen 
gas, admits a lighted candle to burn in it bet* 
ter than in common air. Neverthelefs, liquid 
or folid oxigen, can unite with the oxide of 
^zote oonftituting the nitrous acid, and convert 
^t into the nitric acid, Avhich takes place when 
*the nitrous acid vapour is agitated with aerated 
watfer. The nitrous acid has the fame habitudp 
with the common air as with oxigen gas. 

7.* There is no attraction between the nitrous 
acid and azote, nor abforption of azote gas by 
this acid. We may even remark, on this occa- 
fion, that azote can never combine with the 
nitric acid, nor carry it to the ftate of nitrous 
acid. It is neceflary that it fliould be in the 
ftate of oxide to unite with it, which effeft is 
probably caufed by its greater denfity in that 
ftate. ' ^ 

8. Moft combuftible bodies undeiW the famfe 
changes from the nitrous acid as from -the ni- 
tric ^cid. There is, nevefthelefs, a very nota- 
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ble difference between the a6lion of the two 
acids; namely, that the former inflamies moft 
<rombuftible bodies much better^ and more 
fpeedily than the nitric acid does, qjicj that, in 
order to fucceed in thpfe inflammations whicli 
are among the moft interefting experimeptsf 
of chemiftry, it is neceifary to xife the nitric 
acid more or lefs in the nitrous ftate, or charged 
with nitrous gas. The caufe of this pheiioniefr 
pon appears to depeyid not only on the ftate of 
ra^efaftion or divifion, which the nitrous ga^ 
produces in the nitri<: acid with which it is corn^ 
bined, but alfo on the circumftance that the 
pitrous gas, as has been iho^vn Jn the preceding 
article, is more decompofable than the nitriq 
acid, and more readily yields its oxigen, which 
js lefs adherent to the azote in confequence of 
the gfeat quantity of caloric united, at the 
fapfie time, to the nitrous oxide. It is, accord-? 
ingly remarked, that, at the moment in whiqli 
an acid, more or lefs nitrous, attacks combufti* 
\)\c bodies, particularly heated carbon, phofpho- 
rus^ fufed fulphur, or the metals divided and 
hot which it is capable of inflaming, there i^ 
difengaged with great effervefcence and ebul^ 
iition, a cpnfiderable quantity of gas which 
cpnfifts entirely of azote gas, which accompa- 
nies a pprtion pf nitrous vapour carried up, at 
the fame time, into the atmofphere. For the 
fame reafon it is, that the nitrous acid decern- 
^fes phofphorated and fulphurated hidrogen. 
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and precipitates the phofphorus and the ful- 
phur. 

p. It has already been obferved,* that the true 
nitrous acid, or nitric acid containing almoft 
its own weight of nitrous gas, and thus carried 
to the jftate of ruddy nitrous vapour, is fcarcely 
foluble in water. In pracefs of time, however. 
It becomeij liquefied with the produ6lion of 
Jieat ; part of the oxide of azote is difengaged 
in nitrous gas. Water, in proportion as the 
Solution of this acid takes place in it, paffes 
through fhades of blue-green, green, yellow, 
orange, and brown- red. If it be charged with 
Tair, the firft portions of nitrous vapour which 
are condenftd, become changed into nitrie 
^id. 

10. The metallic oxides are differently affeO;- 
fd with the nitrous acid, according to their par- 
ticular nature. Tlie leaft oxided among them 
unite with the portion of nitric acid which it 
contains, ^nd drive off the nitrous gas. The 
inoft oxided metals fometimes change it into ni- 
tric acid by fupplying oxigen, 

XL The carbonic and phofphoric acids are 
jiot eafdy feparated from their bafes by the ni- 
trous acid, propejly fo called, or by the nitric 
yapour, on account of the difficulty with whicli 
itfelf unites with thefe bafes. By long contaft 
theportiqnof nitric acid which contains the ni- 
trous acid, tat length difengages thefe acids, and 
the oxide of azote, or nitrous gas, exhales at 
^he lamctiroe. . 

12. The 
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12. The phofphoreous acid is converted ifito 
phofphouc acid by the nitrous acid, from whicfc 
at the fame time the nitrous gas is difengaged. 
The fulphuric' acid alfo effefts this difengage^ 
ment by the heat it produces, and feizes the 
water which was united to the nitrous acid. 
The fulphureous acid is converted, into fulphu- 
ric acid by the fame acjd, which parts with it3 
yiitrous gas. 

13. The nitric acid diffolves, or rather ab- 
forbs very rapidly, the nitrous acid faturated 
with oxide or red nitroufii vapour, and thus 
paiTes to the ftate of the nitrous acid, which h 
more coloured in proportion to the quantity of 
the abforption, A great number of different 
nitrous acids may be corapofed according to 
the- dofe of nitrous vapour combined with 
them. Moft of the nitrous acids, coloured from 
the blue-green to the brown-red in the laborato- 
ries of chemiltry, are merely mixtures of nitric 
acid, with more or lefs of nitrous acid, properly 
fo called. Therefore when they are diftilled, 
the nitrous vapour is difengaged, and pale ni- 
tric acid remains in the, retort. From the quan- 
tity of this laft, a judgment miy be formed of 
the kind of nitrous acid fubmitted to analyfis. 
It muft be obferved, that as thefe coloured 
acids fuffer thp nitrous and ruddy Vapour which 
coloured them, to fly off by heat, which be- 
ing more volatile than the nitric acid foon 
fills the receiver, fo likewife the nitric acid re- 
dilTolves this vapour in cooling, for this rear 
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fon it is, that when the nitric acid is prepared 
by te6lifying the coloured acids of nitre, it is 
heceffary to detach the receivers charged with 
this vapour ; for if they be fuffered to retain 
their communication with the retort, thefe re- 
ceivers are found, fome hours after the cooling, 
to be deprived of their colour, and the acid 
-which had become pale by the heat, has re- 
fumed its red or orange colour. 

14. The hiftory of the nitrous acid throws a 
^reat light on that of the nitric acid, and ni- 
trous gas. Though the nitrous vapour, which 
is the pure nitrous acid, is feldom ufed, yet 
the nitric acids, more or lefs nitrous, are often 
applied in chemiftry, which produce in general; 
upon combuftible bodies, a more fpeedy and 
energetic effeft than the pure nitric acid, the 
feafon of which has ajready beeivexplained. 



Article XIL 
Coricerning the Metallic Acid$, 

1. I SHALL not in this place fpeak of the 
jiietallic. acids to a greater extent than is ne- 
ceffary to give a more complete and uninter- 
rupted continuation of the account of thefe 
bodies, \^hich are well-known compounds, 
formed by the union of fimple radicals and 
pxigen. The particular properties of each fpe- 

cies 



cies of thefe acids will bo iTJore fully defcribed 
in the feftion appropriated to the detailed hifj 
tory x>f metallic fubftances. It is therefore 
chiefly with a view to compare them in a ge- 
neral mamier with acids already treated of, that 
I examine them here, .. 

; 2, Out of twenty-one fpecies of metals at 
prefent known, there are only four which cau 
be converted into acids, namely, arfenic, tung- 
ften, molybdena, and chrome. Though fome 
others, in their laft .degree of oxidation, pre* 
fent certain properties fimilar to thofe of acids^ 
yet thefe analogies are ftill too remote, and the 
differences between their ft^ite and that of other 
acids, too ftriking to admit of clafling them' 
among thofe ^compounds, 

3. Like the preceding acids, formed of fim- 
pie or undecompofed radicals, thefe acids alfo 
require a certain proportion of oxigen to ar^ 
rive at the acid ftate. All of them, before their 
acidification, pafs to the preliminary ftate of 
oxides. All of them, therefore, contain two 
portions of oxigen; the one fimply oxiding, 
and the other acidifying. In each of them the 
firft of thefe portions adheres more ftrongly 
than the fecond. 

4. Hence it arifes, . that during their acidifi- 
cation they firft ftop at the ftate of oxides, ?,nd 
frequently do not arrive at the acid ftate, 
but by proceffes very different from thofe 
which produce their oxides only. An inverted 
procefs is obferyable in their decompofition or 

difoxigenation, 



difoxigcnatioii, by treatmg them in a tempe* 
rature more or lefs elevated, which is always 
neceffary for that purpofe, together with bodies 
which have morej attraction for oxigen than the 
metalsi They firft yield their acidifying por- 
tion, and more ftrongly refift the Reparation of 
their oxiding portion. 

5. A ftrong light produces a commencement 
of decompofition in fome of them, by difen-» 
gaging oxigen gas. Caloric has much lefs 
power in decompofing them. As they all pof^ 
lefs the form of fixed powders, they are rather 
difpofed tO: vitrification. 

6. Thej' are unchangeable by oxigen gasj 
azdte gas^ and atmafpheric air. Some of theni^ 
are deliquefcent. 

7. AH combuftible bodies are capable of de^t 
eompofing them, and in every cafe of feizing 
the acidifying portion, and frequently , the 
cxiding portion of their oxigen. This decom* 
pofition moft commonly requires a large quan-^ 
tity of accumulated caloric. It is the more 
©afy in that cafe, becaufe moft of thefe com- 
buftible bodies a6i; by double attra6lion upon 
the metallic acids : in fa6l, one portion attracts 
the oxigen, while another portion is attraded 
by the metal. Combuftible bodies, combined 
by two together, aft ftill more fpeedily, and 
frequently at the firft conta6l, and even with- 
out he;at, upon thefe acids. Thus it iSj that 
fulphurated hidrogen, or hydro-fulphurated 
water, blacken, and tend to reduce to the me* 

tallic 
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tallic ftate, or ^into fulphuretsr, the acids 
formed by the nietals. 

8. Several metals among thofe whixrh are not 
acidifiable, are capable of decompofing the 
acids here treated of* It is a proof ^hat the 
acidifying portion of their oxigen adheres lefs 
ftrongly than the oxiding portion, that thefe 
metals which difacidify theni, are frequently 
unable to difoxide them. 

9. The metallic acids in general are much 
lefs foluble in water than the other acids; 
When diffolved, they commimicate their acrid, 
rough, and metallic tafte* They are eafily fe- 
parated by the aftion of fire* 

10. They unite, more or lefs eafily, with 
mofl; of the metallic oxides, which are highly 
charged with oxigen. In this fl;ate of combi- 
nation they confi;itute a great number of mine* 
rals, from which the art of chemifl:ry feparates 
them by means of many of the preceding 
acids. 

11. They do not unite but with difficulty, 
or fcarcely at all, with the greater number of 
thefe acids. When not completely acidified, 
they take from the nitric acid in particular a 
portion of its oxigen. This acid is mofl: com- 
monly ufed with advantage to convert- the 
oxides of thefe metals into an acid fl:ate. 

12. Befides the analogies which have been 
flioAvn between the metallic acids and thofe be* 
fore examined, another fl:ill more ftriking ana- 
logy is known in one of the former, and perhaps 

it 
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ittnay alfo be obfervable in moft of the three 
others. Between its ftate of oxide and that of 
acid, in which it has pnly been yet known, I 
diftinguiih in arfenic, a modification manifeft- 
ly acid, which appears to be to the arfenical 
acid that which the phofphoreous, fulphureous, 
and nitrous acids are to the phofphoric, ful- 
phuric, and nitric acids. I fhall defcribe the 
(late in the particular hiftory of the metah 



Article XIIL 

Concerning the Muriatic Acid. 

L After the acids already examined, of which 
the nature of [the radical and the proportion of 
principles are well known, we muft place the 
muriatic acid ; concerning which we have not 
acquired fo much information ; which has not 
yet been decompofed or compofed ; but which 
approaches many of the preceding acids in its 
properties and attraftions ; fo that according. 
to every method of arrangement, it cannot but 
be claffed along with them. 

2. The name muriatic acid is taken from 
the fubftance which moft plentifully affords 
it, fea fait, marine fait, and fait. water; mu- 
ria of the Latins: muyre^ of the ancient 
French. This name, taken from its origin, is 
given to it, becaufe its radical has not yet 

been 



^ 
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been difcovered in nature. Before the cfta^ 
bKfhment of the methodical nomeaclature, it 
Vas called fpirit of fait, marine acid, acid of 
fait : and chemifts, who wrote in Latin, had 
alfo given it the name of acidum muriaticumy 
which i$ merely tranflated in the French No- 
menclature. 

3. The muriatic acid exifts abundantly in 
nature, and appears to be perpetually formed 
in the waters of the fea. Though we are al-- 
moft witneffes of this formation, we are yet 
unacquainted with the principles employed by 
Nature, the proportion in whiph llie combines 
them, and the mode itfelf according to which 
this combination is eifefted. It » is always 
united to feveral of the falifiable bafes, which 
win be examined in the next fe6iion* ' It is 
thought, neverthelefs, to exift frequently pure; 
and in vapour, in the air which furrounds the 
fea, or in the fea water, agitated by tlie con- 
tinual motion of the waves, and conftantly in 
a ftate of evaporation. Some obfervations feem 
to give authority to this opinion, which is not, 
however, fupported by any pofitive fa6i;. 

4. This acid is procured only by feparating 
it from fea fait by means of the concentrated 
fulphuric acid, which has a ftronger attraftion 
for the bafe of the fait than the muriatic^ acid 
itfelf has. As this acid is very volatile, and 
eafily reducible into gas, it is difengagcd with 
a lively effervefcehce, and may be obtained, 
either in the form of an elaftic fluid, or that o£ 

a liquid, 
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a liquid, when pure and cold water is prefented 
. to this gas, which abforbs and fixes it. Glau- 
ber, about the middle of the feventeenth cen- 
tury, firft difcovered this acid, and taught us 
ta obtain it from fea fait ; but fmce that early 
period the art of obtaining it ha? been greatly ' 
improved. It is only fince the modern difcovc- ' 
ries, and the chemical revolution of which I have 
fpoken; that the accurate.method of preparing 
it has been known. Before that fortunate pe-'^ 
riod the greater part of this acid was loft in • 
the air, as the details, to which we fliall pro-- 
c^edi fufficiently prove. Tliough the muriatic 
acid is ftill one of the leaft knownV'wehave 
acquired accurate notions refpe6ting its attrac- 
tion and properties, by the fucceflive inquiries 
of a great number of cheiriifts. It is particu- 
larly afcertained, that this acid has no con-' 
neftion with the fulphuric acid, either in itS' 
origin or its nature ; which was thought to be 
its bafis, at the commencement and even as- 
late as the middle of the eighteenth century, 
nor with the phofphoric acid, which Stahl af- 
firmed to be abfolutely of the fame nature. 
Though we do not yet know what it is, we 
have at lead afcertained the means of deter* 
mining what it is not, and thus overthrowing 
an error of long ftanding. 

&. The muriatic acid, prepared or extracted 
by the method we fhall defcribe, exifts in two 
fta.tes, as I have before pointed out, either in 
the form of gas or of liquid ; in this laft ftate 

Voi;; II. L it 



146 W^RIATIC ACID. 

it combined vith water ; under the firft ftate, 
it is diffolved in caloric. We muft attend to 
it under each of thefe condition?, beginning 
with the gas in which it exifts moft pure, and 
thence paffing to the liquid ftate, which k 
more eafily preferved, and in which it is moft 
frequently employed in the operations of che- 
miftry. ' 

6. The gafeous muriatic acid differs little in 
appearance from the air of the atmofphere ; 
nevcrthelefs it is almoft always flightly vifiblc 
in the form of a vapt>ur, on accQunt of the water 
which it conftantly retails in folution. Its- 
fpecific gravity is twenty parts in the hundred 
greater than that of air ; the cubic inch weigh- 
ing 0,66 of a grain, whereas the air of the at- 
mofphere weighs only 0,46. Its fmell is ftrong, 
penetrating, acrid, acid, ftimulatjng the cjres. 
and the throat, and in a certain degree refem- 
bling the fmell of the appl^ called th^ renet, 
or that pf faffron. Its tafte is very four and 
ftrong. It extinguillies lighted candles, giving 
to the flame a bright green colour, and ftu- 
pifies and fpeedily deftrpys animals which re- 
fpire it. It even afts upon the fkin, which it 
reddens without corroding, burning, or even 
permanently colouring it like the fulphuric 
and nitric acids. It changes a great number 
of blue vegetable colours to red, and adds, to 
tlie livclinefs of thofe which already poflefs. 
hat tinge. 

7..Murj^ic 
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7. Muriatic acid gas reffaas tlic liglit ftrotig^ 
ly, but is not altered by its contaiSl. It is ra* 
refied by caloric without changing its nature, 
however great the quantity may be which is ac» 
cumulated* When this gas has puffed through 
ignited tubes of porcelain, it undergoes no al- 
teration but continues to exhibit the i^^iTite;j[*fd^ 
perties as before. ''^''^' ''' ' ' . 

8. It does not k& fh ^\iy manner iipoh ox- 
igen gas, but may, neverthelefs, abfot^ oxigeft 
in the folid, or liquid ftate, as will hereftftef b6 
ihown. When brought into conta6l with th6 
atmofpheric air, it immediately affuiries tlite 
form of a white fume, denfe, and heavy, at ttie 

, fame time that it emits heat round the poiiit 
where it is condenfed* This effeft is owing to 
the water of the atmofphere which it condenfes, 
and with which it combines* 

9. It has no a6lion on azote, hidrogen, caf- 
bon, phofphorus, fulphur, the diamond, and |ii 
general all combuftible bodies. Charcoal, as a 
porous body, abforbs and condenfes it^ as'cfb 
likewife fponges, cork, foft wood, &c* It is in 
confequence of this mutual inaction betweeh 
combuftible bodies and muriatic 'acid, that the 
nature of this acid has not been yet afceitainetf; 
for it is known that the decompofitimt, efFe6i;ed 
by this clafs of bodies, has afforded the means 
of determining the compofition of the othen: 
acids. ^ 

10. ^Metals undergo no alteration on the 
part of the muriatic acid gas, excepting fo far as 

L 2 this 
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this gas. holds water in folution. In this cafe, 
in confequence of the tendency of the acid itfelf 
to unite with the metallic oxides, and the pre- 
difpofmg attraftion which it, exercifes, it fa- 
vours the decompofition of the water by the 
jnetals, and combines with them after' they are 

I'l. The muriatic acid gas has much attrac- 
tion for wat^r. Whe^.,p; fmall piece of ice is 
put into this gas, it melts immediately, becomes 
hot, and condcnfes the gas. It is .evident^ that 
ail experiments with the muriatic acid gas 
muft be rpade over mercury, becaufe water vnll 
abforb it. If four parts of ice be fufed with 
one part of muriatic acid gas, cold is produced 
figuring the fufion. This phenomenon is owing 
to the fame caufe which produces it with the 
fulphuric and the nitric acids. Liquid water 
fpeedily abforbs muriatic acid gas. It becomes 
heated in the fame proportion : there are even 
SO^degrees of temperature produced in this ex- 
periment. At this period, the gas is no longer 
fixed,, and its abforption cannot recommence 
until the temperature is fuflficicntly diminifhed. 
.Water diffolves nearly its own weight of this 
gas, and becomes almoft the double its original 
bulk. This combination is the liquid or com- 
mon muriatic acid, the properties of which we 
fhall fpeedily examine. 

12. The metallic oxides abforb the muriatic 
acid gas, and form with it peculiar falts here- 
after to be defcribed. 

13. Though 
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13. Though the muriatic acid poffeffes more 
ftrength than the carbonic, phofphoric, phof- 
phoreous, and fulphureous acids, it d^o^i^ riot • 
expel thefe acids from their bafes when it is M 
the fornv of gas, unlefs the combinatiotis o# 
thofe acids be diflblved in water, which begins . 
by diffolving the gas, fo that the decompofitfon 
i-s effefted by the liquid acid. 

14. The muriatic acid gas is fpeedily ablbi^ti^ 
ed by the nitric, from which it feizes the acWl^ 
fying portion of its oxigen^, fo as to reduce 
it to the ftate of the oxide of azote, but it' 
do^s effe6l this dif-acidification of the nitrio 
acid but in a limited manner, and until that* 
acid is faturated with the oxide of azote whicte 
it contains. \;Ve fliall, hereafter, treat of this^ 
eombinatioi,!- which is ufually made with the 
liquid acids, . > .* 

15. Few of the operations of chemiftry iaW> 
made. with the gafeous muriatic acid. It is 
much more convenient to employ this acid in 
the liquid ftate, or diflblved in water ; whence 
it becomes neceffary to compare this acid fo 
liquefied to the fame acid in the gafeous ftate> 
When water is charged with as much of the niu- 
riatic acid gas as it can diflblve, it forms a 
liquid of which the fpecific gravity, compared 
with that of water, is as 12 to 10. This acid i$ 
clear and colon rlefs ; it emits a white vapour, or- 
fume, fimilar to that formed by mixture of the 
acid gas w^ith the humid air, and its fmell is the 

fame, 

16. The 
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A6. The muriatic acid, for this is the term by 
which it is diftinguilhed in the liquid ftate, is 
not altered by light. Caloric, when applied, 
dife^gages the gas. Tlie laft portion adheres 
Vith fufficient ftrength to rcfift feparation with 
eonfiderabl^ force. 

: .17^ The muriatic acid abforbs neither oxigeh 
nor azote gas. We fhall foon obferve, that it 
atffeib* o«igen in the folid ftatc, fo as to be- 
cftl^; f^turated. By expofure to the air, this 
^4 ^niits the, white fumes which refult from 
its union with water, and which feparates a fuf- 
ficient quantity of caloric from the air, to pro* 
duce a fenfible heat in the hand when placed 
Qfv^qr a v<?liel full of this fuming acid at the mo* 
inent of opening it 

18. The liquid muriatic acid has no more 
a6liQn on hidrogen, carbon, fulphur, and the 
d^npnd, than the acid gas itfelf. It diffolves 
fuch metals as are capable of decompoftng wa- 
ter, which it renders' ftill more fufceptible of 
that operation ; fo that when it aifts on a me* 
taj there is conftantly a difengagement of hi? 
4rogen more or lefs pure. 

19. It upites with water in all proportions 
and difengages a portion of caloric. It is 
weakenefl by this union, and foon ceafes to 
emit fumes, bccaufe the adhering acid no longer 
tends to aflume the form of gas with fpeed^and 
energy. 

20. It a6ls in a very different manner from 
the gas upon tjie metallic oxides. In general 

it 
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it diffolres them better than the other acids, 
and, on this account, it is ufed in laboratories 
to wafli j^effels foiled by thefe oxides, hi pro- 
portion as it tends to unite with them, it Sepa- 
rates from a great number of them, a portion of 
oxigen, with which part of the acid combines 
and forms the oxigetiated muriatic acid, to be 
examined in the following article. The com- 
binations of this liquid acid with the oxides, 
more oi* lefs charged with oxigen, are fi*equently 
volatile and fufiblc. They will be treated un- 
der the article of metals, 

21. .The muriatic acid expels the carbonic 
acid with effervefcence, from its combinations ; 
it is, likewife, ftronger than phofphoric acid, in 
the hutnid w^ay, to which it frequently yields its 
bafis in the dry way. The fulphuric acid, pof- 
feffing gjreater ftrength, fcparates it from its 
compounds, even from its union with water, but 
the muriatic acid expels the fiilphuTCous acid 
from this liquid, 

22* With regard to the nitric acjd, one of the 
moil decided and moft remarkable properties of 
the muriatic acid^ is its-modJe of aftion with thit 
acid, Thefe two bqdiea are fcarcely brought 
^nto contaA before rthey penetrate, become 
ftrongly heated, effervefce, exhibit a ydtew 4r 
red colour, and fonn a mixed acid" which an- 
fwers a great many purpofes not poffible to be 
O^ccompliflied by either of the acids fingly. 
This mixed acid wals foimerly denominated aqua 
regiay becaufc it was found to be capable of dif- 

^folving: 
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folving gold which was then called the king of 
metals. It is, at prefcnt, denominated the ni* 
tro-muriatic acid. It is not, however^ a fimple 
mixture of tliQ two acids, asi was thought before 
the eftablifliment of the pneumatic do6lrine. 
Thefetwo bodies, at the moment of their miion, 
mutually a6l on each other by a double attrac- 
tion, that Oi the muriatic acid for oxigen, 
and that of the nitrous acid for the nitrous gas, 
or the oxide of azote,. Its effeft enables the 
former to feize a portion of the oxigen of the 
latter, and that portion of the muriatic* acid 
which is thus oxygenated, becomes difengaged 
with effervefcenee i-n yellow fumes. The uude- 
compofed nitric acidabforbs the nitrous gas of 
its dif-acidified part, and when it is faturated 
the aftion ceafes, This is the caufe of the co- 
lour of tlie mixed acid, and, hence it is, that 
when the a^ion is once terminated between 
them, the refidikeconfifts of muriatic acid mix- 
ed with nitrous acid, which it retains with con- 
liderable force. We ihall, hereafter, fee in what 
manner this fingular mixture afts in the metal- 
lic folutions it produces.- We muft already de- 
duce, that there would be no action between the 
muriatic acid, and tlie faturated nitrous acid ; 
but tjiat the nitrous vapour muft be abforbed by 
this acid, and immediately form nitro-muriatic 
acid, or the aqua regia of the ancient chemifts, 
^3. A moft remarkable difference between 
the muriatic acid and all the preceding acids, 
t;ruly confifts in the abfolute ignorance we are 

in 
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in re^e^ifig its intimate nature, on account of 
th^ well-known, impoffibility. of its decompp- 
fitioiL' /We might, therefore, rank it among 
the undecompofqd, or fimple bodies, if by the 
rules of analogy, which muft dirc6l our opinions 
before they are fixed by experiment, we had not 
reafon to infer that this acid is conftituted like 
all the others. Many modern ch^mifts have, 
therefore, prefumed, that the muriatic acid is a 
compound of an unknown radical withoxigen; 
that this muriatic radical is, of all bodies, that 
which has -the ftrongeft attraftion for the acidi- 
fying principle, and, on that account, no other 
cpmbuftible can feize this principle, or decom- 
pofe the acid. But, it mufl be admitted, that 
though this conclufion is, in a certain degree, 
fedudlive; and prefents a regularlity of theory, 
it is, neverthelefe, a pure hypothefis. It is true^ 
that the abfdlute denial of the prefence of ox- 
igen, and its union with the combuftible radical 
3n this cafe, would alfo be an hypothefis. Hi- 
drogeii has been fuppofe4 to be the muriatic 
radical, an<[J. that this acid differs from water^ 
which i& the oxide only, by a greater prdpor- 
tionof oxigen; but this theory is very far from 
being yet proved. 

24, The ufes of the muriatic acicj are very nu- 
jnerous; it poffeiTe^, as a medicine, the^ cathartic 
property when concentrated, and h cooling, 
>antifeptic, and. diuretic, when diluted with wa- 
ter, Itl3 ufed to purify places infedled by pu- 
trid vapours. A number of the arts, more par-. 

ticularly 
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ticularly thofe wWch relate ta the metals, de* 
pend on the ufe of this acid. Its numerous ap^ 
plications will be regularly and gradually fecii 
in all the articles which follow. 



Article XIV, , 



Concerning tht oxigenated Muriatic Acidn 



1. THE muriatic acid differs alfo greatly 
■from other acids, in the property it has of ab- 
ibrbing liquid, or folid oxigen, or rather the feiz- 
ing it from a great number of combinations^ 
than even by the impoffibility of its decompofi- 
tion. This property of becoming oxigenated 
feems to approach combuftible bodies, and to 
ihow either that it does not itfelf contain ox^ 
igen, or that it is. not faturated with that prin- 
ciple. This charafter of abforbing oxigen, and 
burning like a fpecies of combuftible^ has in*- 
duced fome modem chemifts to fuppofe that it 
may belong to another genus of acid bodies, 
different from the eleven other fpecies.— -That 
this new genus may comprehend acids not burtt- 
^d, not oxigenated, and void of the acidifying 
principle, that is to fay, which do not depend 
xipon this principle for their acidity. Sut this 
opinion, which is itfelf an hypothefis, does not 
impair the theory explained refpeding the ele- 
ven 
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ven foimer fpecies of acids ;defcribed iu the pre* 
ceding articles. 

2. The oxigenated muriatic acid is a ncv 
acquifition for chemifts. It wa&firft difcovered 
by Scheele, who named it the dephlogifticated 
marine acid. I afterwards propofed the expref- 
(ion of aerated muriatic acid, and the tenns ox- 
igenated acid, were afterwards adopted in the 
methodical nomenclature. Citizen BerthoUet 
has added much to the difeovery of Scheele, 
and thrown great light on the nature and pro- 
perties of this acid. I have alfo myfelf made 
fome additions to their laft difcoveries. 

3. The oxigenated muriatic acid is no where 
found difengaged in nature : it is even doubtful 
whether it exifts in a ftate of combination, 
though this is not impoffible. It is prcpared,^ 
or fabricated, by throwing the muriatic acid 
fomewhat concentrated xipon certain metallic 
oxides ; or o^herwife, by difengaging, by means 
of the fulphuric^ acid, the muriatic acid from 
inarine fait previoufly mixed with one-fourth 
of its weight of oxide of Wianganefe. I have 
difcovered the fame property of oxigenating 
the muriatic acid in fevei-al other metallic ox- ' 
ides, as I fliall (how in the particular hiftory of 
the metals. 

4. As foon as the muriatic acid comes into 
ponta^ with the oxide, it forms a greenifli-yel- 
Ipw vapour of a very aCrid fmell, which may 
be coljedled either in the form of gas, by cauf- 
ing it to pafs fpeedily through a fmall volume 

' . of 
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of water, or in the form of liquid, by fufFering 
it to remain long in contaft with water cooled, 
and placed in a veffel of fufficient height, that 
its preffure may accelerate the abforption of the 
vapour. The properties of the gas, and that of 
the liquid oxigenated muriatic acid, muft be 
fuccefllvelv defcribed, 

5. The oxigenated muriatic acid gas is diftin- 
guiflied from all the elaftic fluids by its yel- 
low-green colour, its fufFocating odour, and its 
acrid and ftyptic talte. Its aclion on the nofe 
and throat of thofe who rcfpire it, is alfo one of 
its moft remarkable chara6ters. 

It thickens the liquids of thofe organs in a 
manner which perfectly refembles >vhat takes 
place in colds, and is followed by an abundant 
expedoration. It maintains the combuftion of 
lighted candles, to the flame of which it gives a 
red colour, on account of the vapour of Vater 
formed, and environing it. Inftead of reddening, 
it deftroys many blue vegetable colours, and 
alfo difcolours flowers, leaves, barks, and caufes 
them to become Avhite, frequently with a flight 
fliade of yello^v. We ihall, hereafter, fee, that 
on account of this property,, it is fuccefsfuUy 
ufed in the bleaching of piece goods, &c. 

6. Lio'ht and caloric do not caufe anv chansre 
in this gas : if ;nay be pafled through a red-hot 
tube without changing its mature. 

7. It has no adion uppn oxigen, or azote 
gas, on which account, it mixes with the air 
without prod lacing any change in its proper 

nature, 
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nature, only as it has much a6iion on all the 
odorant vegetable and animal bodies, the pu- 
trid vapours, which, affe6l the air in many- 
places, muft be deftroyed by its mixture, ou 
which account I have propofed it to deltroy 
infe6tion in prifons, hofpitals, fliips, &c. * 

8. It has no a6lion on hidrogen gas in the 
cold, but in an ignited tube it burns it with 
detonation. 

9. It inflames phofphorus, and changes it into 
very dry phofphoric acid : it alfo buras phofpho- 
rated hidrogen, and even renders gas \of this 
kind inflammable, which is not fo in the air. 

10. Melted fulphur plunged in this gas takes 
fire, and affords fulphuric acid. It decompofes 
fulphurated hidrogen gas without inflammation, 
and precipitates the fulphur while the hidrogen 
is flowly burned. It even burns the fulphur of 
hidrorfulphuret diflblved in water, and^ by tliiaT 
means, converts it into fulphuric acid in th6 
midft of that cold liquid. 

11. It has no aftion on carbon, either hotw 
cold, and favours its combuftion fo little, that 
when a mixture of equal volumes of carbonated 
hidrogen gas and oxigenated muriatic acid are 
mixed together, a combuftion of the hidrogen 
takes place alone, and the carbon falls down. 
There is even a circumftance dependent on the 
proportion of the oxigenated muriatic acid gas 
added to the carbonated hidrogen, by which fo 
far from burning the carbon, this addition co^T 
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verts it together with the hidrogen into a true 
oil,^ a& will elfewhi^re be fhown* 

12. It has no^ftion upon the diamond in the 
cold ; but wh^ this body, Avell ignited by fire, 
is thrown into the ox^igenated muriatic acid 
gas, it takefi fire, and affords carbonic acid gaa 
according to Lampadius, profeffor of chemiftry, 
at Prague. 

13. The oxigenated muriatic acid gas bumd 
all metallic fubftances, and even fets fire to 
fome of them. This fa6l ihows that flame is <a 
property common to all conibuftible bodies, and 
depends only on certain conditions in the com- 
buftion. It is only required that thefe metals 
iliduld be thrown in fine filings, or powder, 
into the oxigenated muriatic acid- gas, in or- 
der that they may take fire inftantly ; and the 
lame obfervation is true of the metallic ful- 
phurets and phofphurets. The metals thus 
burned by the oxigenated muriatic acid gas are 
more particulafly thpfe of which the oxides do 
not yield their oxigen to the murialiiic acid- 
Though feme of thofe which give out part of 
their oxigen to this acid, are capable of taking 
fire in the oxigenated muriatic acid gas, they do 
not become oxided but in a verj'^ fmall degree* 
Under thefe circumftances, they are very far 
from being carried to the maximum of oxida^ 
tion, neceffary to render them capable of oxige- 
nating the muriatic acid. This circumftance, 
like many other fafts, alfo depends on the va- 
rious attra6lion of the diflcrent portions of ox- 
igen 
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igen for? the metals, and for all eoinbuftible fub- 
ftahces in general. 

14. Water abforbs and condenfes the oxige- 
nated muriatic acid gas much lefe than it does 
of the ordinary muriatic acid gas. During its 
tranfiticm through this liquid, the oxigenated 
muriatic acid gas is in part diffolved, and be- 
comes liquefied. ^ Preflure and a low tempera- 
ture is npceffary to faturate the water. The 
hiftory of the liquid oxigenated muriatic acid 
will be refumed in the fuceeeding pages. 

15. -Many metallic oxides abforb the oxige- 
nated muriatic acid gas. None of the. oxides^ 
refufe this abforption,^ but thgfe which pofFefe 
the maximum of oxigen. Very acid and very 
cauilic metallic faJts are thus formed, which 
will be heijeafter defcribed. 

16. The carhouic aci4 which is weaker than 
the oxigenated n>uriatic acid gas, is difengaged 
from its combinations by this gas, whiqh tafcesi 
its place, and gives to the former the gafeous 
form during its difengagement. It does not 
aft upon phofphoric acid or its combinations. 
It bums a portion of the phofphoric s^cid coit-^ 
tained in the phpfphpreous acid, and converts 
it inta phofphoric acid. 

17. It producesvno alteration in the fulphwic 
acid, which is much more powerful than itfelf j 
it burns the fi^lphur of the fulphuregus acid,^ 
aiid changes it into fulphuric acid. Sulphu- 
reous acid gas pafled into oxigenated muriatic 

acid 



T^ 



160 OXIGENATEP MURIATIC ACI1>. 

acid gas, forms a white very denfe funie; which 
is precipitated in the form of fulphuric acid. 

18. It does not alter the nitric acid in any 
refpedl, nor the nitrous acid, which it fliould 
feem, neverthelefs, it ought to convert into 
nitric acid, becaufe it changes nitrous gas into 
red vapour. In order to form a tight notion ' 
of thefe two effefls apparently contmdi6lory, 
we muft rec61le6l, that oxigen gas, which red- 
dens and condenfcs nitrous gas, has no a6lion 
on the nitrous vapour ; that oxigen gas never 
changes nitrous gas into nitrous acid, but 
merely into the ruddy nitrous vapour; that is 
to fay, into hitric acidj faturated with nitrous 
gas ; and that having thus converted a portion 
of the nitrous gas into nitric acid, which dif- 
folves the whole remaining mafs of this laft 
gas, and forms a red vapour ; the oxigen gas 
is not capable of producing any farther alterar 
tion. We may alfo explain this phenomenon 
in a lingle word, by obferving that nitrous gas j 
has more attra6lion for nitric acid than fof 
oxigen. The oxigenated muriatic- acid gaf 
a6ls, therefore, in the fame manner as oxigen, 
whether with the nitrous gas or nitrous acid. 

19. Oxigenated muriatic acid gas is driven 
from water, and its combinations by the mu- 
riatic acid gas, on which account it frequently 
happens in the operations, in which a numbeF 
of bottles of Wolfe's apparatus are ufed for the 
diftillation af the muriatic acid abforbed by 
water in thefe bottles; that the firft, which 

affumes 
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affumes a yellowifh colour by receiving a fmalV 
portion of the oxigenated muriatic acid (forni- 
ed at the expence of a flight portion of oxidei^ 
of iron contained in the marine acid), becomes 
white when the pure muriatic acid approaches, 
and drives off the oxigenated muriatic acid ; 
which laft frequently pafles into the water of 
the fecond bottle, and colours it. This is aq 
effefl; hitherto unexplained by any chemift^ 
though it is frequently obferved in the decom-r 
pofition of marine fait by the fulphuric acid in 
the apparatus of Wolfe. 

20^ The ufes of the oxigenated muriatic acid 
gas, are only relative to chemical refearches, 
and fome experiments of inquiry in our labora- 
tories. It occupies too much fpace, and its 
I ' a3ion is too weak upon cold bodies, and at 
the fame time too ftrong and difagreeable upon 
the organs of refpiration, to admit of its being 
employed in the gafeous form in workfhops 
orTOftnufadories. It is mofl commonly ufed 
in th^ Arts, and even in Chemiftry, in the li- 
<jitid form, to which we fliall immediately 
proceed. 

21. Wc have already feen, that by receiving 
the oxigenated muriatic acid gas in proportion 
as it is formed into pure cold water, by means 
of a veffel fufficiently capacious and high to 
favor the abforbtion^ of the gas by its preffure, 
a liquid oxigenated muriatic acid is obtained. 
Wh^n this water is furrounded with ice, as is 
done in cheniical labpratories, it not only be- 
Voji. IL M ' comes 
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comes faturatcd with the ' gas, but the gas it* 
felf foon becoming faturated with water, cryf- 
tallizes at the furface, and even at the bottom 
of the fluid, in the form of hexahedral plates 
of a brilliant greenifli-white* This folid acid 
fpeedily lofes its cryftalline ftate, and quickly 
pafies to the ftate of gas, when the bottle which 
contains it, beneath the faturated liquid, is 
expofed to. a temperature fomewhat higher than 
that 6f ice; fo that in proportion as it is fufed, 
it paffes through the faturated liquid, in which 
it can be no longer fixed, and expands itfclf 
above in the form of a greeniili-yellow gas. 

22. Tlie concentrated muriatic acid in the 
liquid ftate, or water faturated with the oxi- 
genated muriatic acid gas, is fcarcely more 
heavy than diftilled water ; its colour is green- 
ifli-yellow ; its fmell ftrong, acrid, and fuf- 
ocating ; its tafte rough, fliarp, aftringent, im- 
mediately condenfing the fluids of the mouth 
and throat, ftrongly aittacking the nafal cavi- 
ties, into which it may happen to be convey- 
ed, and is not to be tafted without danger. It 
may be diluted with a large quantity of water, 
which weakens it, and leaves only a rough dif- 
agreeable tafte, when it is applied to the tongue, 
or taken as medicine, 

• 23. This acid does not redden the blue co- 
lours of tiirnfole, the violet, &c. but it imme- 
diately deftroys them, as well as moft other ve- 
getable fhades. There are only the yellow, 
which it does not attack in this ftate of con- 
centration. 
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centration. It at the fame time alters the form 
and nature of the vegetable texture, as well as 
thofe of the organs of animals, on the colour 
of which it has lefs influence than upon that 
of plants. It cannot, therefore, be ufed of this 
flrength either for bleaching or as a medicinCi 
except in fome cafes of external difeaie. 

24. When expofed to the light of the folar 
rays, this acid is decompofed, lofes its colour, 
fuffers oxigen gas to efcape, and pafles agaia 
to the ftate of muriatic acid, and in this man^ 
ner affords about a fifth part of its volume, or 
the fixth of the weight of the acid contained 
in the water, of oxigen gas.. We have feen 
that when it is of agafeous form, light does not 
decompofe it in the fame manner ; heat difeu- 
gages the acid in the form of gas, without dc* 
compofing it, or occafioning any perceptible 
feparation of oxigen gas. 

25. It does not combine with oxigen gaS| 
nor with azote, nor their bafes, at any tempe- 
rature, or in any manner in which they can be 

' prefented to each other. In the air it lofe$ 
Jit tie of its acid, which neverthelefs isfcapes, 
though very flowly, emitting for a long time 
an infupportable foetid odour. 

26. The oxigenated muriatic acid exerts no 
a&ion upon hidrogen gas; it burns hidr6gen in 
many of its combinations ; it burns phofphorus 
alone, if its aftion be aflifted by that of light, 
in which manner the phofphoric acid may be 
prepared, but then it is extremely weak, and 

Ms diluted 
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diluted with ijv^ater, on account of the fparing 
folubiiity of the oxigenated muriatic acid. It 
decompofes phofphorated hidrogen gas, of 
which it burns the hidrogen, affording a white 
fume without flame, from which the phof- 
phorus falls down without taking fire* It does 
not perceptibly a6l upon fulphur in fragments, 
Sr in powder ; but it changes it into fulphuric 
acid when the fulphur is very much divided 
and diffolved in wateV, as, for ejiample, in the 
fiilphureous watersi It completely burns both 
fhe principles of fulphurated hidrogen gas ; the 
oxigenated muriatic acid gas alone precipitates 
the fulphur. It does not bum carbon, but it 
rather feparates_ and precipitates it from its 
combinations, by burning tHe hidrogen. It 
does not act upon carbonated hidrogen gas, 
nor upon the diamond. 

27. It afts upon all the metals; none of 
them- refifts the influence of the oxigen it con- 
tains, which tends to be feparated with eafe. 
Thiis is the reafon why it oxides and diflblves 
^old and even platina, a metal fo difficult to 
he oxided, as T-fluill elfe where ihow. It forms 
-with theili falts, either foluble or infoluble, 
which are fimple muriates, becaufe its oxigen 
perioufly combines with the metals. 
' 28. It unites eafily with water, which only 
dilutes and weakens it, without changing its 
nature or properties, but fimply diminilhes 
■its energies and the promptitude of its efFeds. 

Hence 
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Hence it is, that it is diluted with wa^er in moft 
tnanufaftories and for medical ufe. 

29. It unites with a great number of metallic 
oxides ; fometimes it diflblves and renders them 
volatile, but in other inftances it does noU 
Some are fo highly oxided, that they undergo 
no alteration by this treatment. Such in ge- 
neral are thofe oxides which convert the mu- 
riatic acid into oxigenated muriatic acid gas. 
Thofe of the oxides with which it combines; 
form different faline combinations of the jnuria> 
tic acid, which are known by the name of fuper- 
oxigenated metallic muriates. We ihall treat 
this objefit at length in the hiftory of the; nie- 
tals which are capable of forming thefe com- 
|>inations. , 

30. The oxigenated muriatic acid in thp li- 
quid liate, does not expel the cai:bonic acid 
from its faline combinations, as the oxigenated 
muriatic acid gas does. It is much weaker 
than the phofphoric acid, and converts the 
latter into phofphoreous acid. In all its. at^ 
trafl;ibns it gives place to the fulphuric acid. 
As it change^ the fulphureous acid into the 
fulphuric, it whitens and difcolours thi5 latter, 
when of a black colour, in the fame manner ais 
the nitric acid does. The fuJphureou3 apid gas, 
when brought near the oxigenated muriatic 
acid, forms an abundant white fume, wbit:ii 
has no fmell, and is merely fulphuric acid. It 
4oes not a6l upon the nitric acid, nor the ni- 
trous acid in red vapours, It decompofes nir 

trous 
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trous gas, iatnd converts it to the ftate of nitrous 
vapours and ruddy acid. It mixes with com» 
nion muriatic acid, to which it communicates 
its properties. When brought into contaft 
\vith other oxigenated muriatic acid gas, itab- 
"forbs it, between the temperatures of 2 and 4 
degrees above 0; ajid by yielding to it a fmall 
portion of its water, caufes it f o cryftallize. 

31. All the properties of the dxigep^ated mu- 
riatic acid, whether gafeous or liquid, prove 
that, in this Angular combination with oxigcn, 
the acid retains it weakly ; that it tends to fe- 
parate fpeedily by the leaft change of equili? 
brium in the attradions, ^nd, confequently, 
that it is capable of producing with celerity, 
thofe eifefiis which are operated more flowly, 
and. with particular circumftanceB, by the oxi- 
gen gas or by atmofpheric air itfelf It is a kind 
of agent which frequently reprefents, as well 
with regard to chemifts as manufadurers, the 
air itfelf contained in a fmall volume ; — with 
which they can produce in bodies, rapid 
changes of the fame nature with thofe whicl^ 
the atmofphere would produce more flowly, 

32. The ufes of this acid began tp be very 
numerous in manufaftories, for bleaching a 
number qf vegetable fubftances, and more 
efpecially different fabrics, old paper, foiled 
prints, ancient books, to take out writing, &c. 
We fliall fpeak of thofe obje6ls in a great numr 
ber of articles in chemiftry. It has become an 
important rc-agcnt, fince its nature or manner 

3 of 
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of ading has been knoMm. Great advantages 
have already been obtained from it in medicine ; 
and I will venture to affirm, that it will here- 
after be one of the mod ufeful of the mate* 
ria medica. • It is known that it is ftrongly 
touic, according to the doftrine of Browne; 
that it augments the force of the ftomach and 
the whole fyftem, and a6ls even as a ipecific 
in fyphilitic diforders ; that it difcolours the 
urine and excrements of thofe that ufe it ; that 
it, bleaches the fkin of negroes, &c. It is a 
fubftance of which we have began, to make 
trial of the medicinal aftion, 9,nd of which the 
jnode of operation may lead to the moft im- 
portant difcoyeries refpedipg the aninjal phy?- 
fiology. 



" Article IV, 

, Concerning the Fluoric Acid. 

\ 

1. THE fluoric is the fecond acid of whicll 
the intimate nature or compofition is unknowi^. 
Its name is derived from the natural fubftance 
or fpecies of ftony fait from which it is ob- 
tained, and which has long been known by 
the name of fluor fpar. It was for a certain 
time very improperly termed the fparry acid. 
The new denomination is generally adopted in 
all modern works and languages. Tbii? ^cid 
is very naturally arranged after the muriatic 

V acid. 
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acid, Tv^ith which it poffeffes fome analogies that 
have long caufed it to be confounded with that 
acid by varioijs cheinifts. It immediately fol-^ 
lows that acid in the order of its eleftive at-? 
traftipns. 

2. This acid was difcovered by Scheele, in 
J771, and was much examined by PrieMey in 
the ft^^te of gas. All chemifts have fmce ve* 
tified the experiments of thefe two celebrated 
iften, and admit the fpecific chara6bpr of the 
lluorfc acid. Some have been fmce defirous trf 
Roving that thiij acid is either the muriatic of 
the^fiilphuric; but their experiments, from 
t\tf\r uTncertainty and inaccuracy when conntsr 
ppred with thofe of Scheele, have convince^ 
no one. Tliat chemift himfelf replied viftoir 
rioufly to the objedions made refpe6iing the 
cxiftence of fluor acid as a peculiar acidj 
and nfii^ny learned men have fince applied thg 
fpecific p^roperties of this; pew acid to the pro?. 
cefTes of the arts. 

3. The fluoric acid e^fiifts in Nature, but 
never uncoml)ined. It is always united witl; 
fiprtain earthy matters, more efpecially lime, 
as we fliall elfewhere Ihow. It is obtained 
irom this natural combination, from which, it 
is extra6i;ed by the application of ftronge^ 
acids. As its intimate compofition is not 
known, if; cannot be formed by combination. 
The procefs foj obtaining ij:, confifts in pulvexh 
izing its calc^feous combination, placipg the 
powder in a retort of tin or lead, upo^i whid^ 

' ' concen- 



concentrated, fulphuric, nitric, or muriatic acid 
is to be poured DiftiU^tion is then made, by 
adapting to the retort a tube of lead, which 
carries thegafeous acid under glafs veffels filled 
with mercury, or a fmall receiver of glafs, ia 
which water is put to the half of its capacity. 
In the ffrft cafe the fluoric acid gas is collefl;ed 
almoft without heat, or by a very gentlp heat ; 
jn the fecond, the liquid fluoric acid is ob*, 
tained. We ihali fucceflively fpeajc of thepo- 
perties of this acid in its two ftates. 

4. The fluoric q,cid gas is invifible, like air r^ 
t)ut if it meet with a fmajl portion of moifiure^ 
it is more or iefs cloudy or vaporous, {jts 
fmell is iharp, acrid, and confiderably refen^ 
bles that of the muriatic acid, though it can-r 
jiot be faid to be exactly the fame, It is much 
heavier than common air; its Ipecific gravity 
has not been exactly afcertained, probably, 
becaufe it is never pure. . It extiiiguiflies a 
lighted taper, giving a very perceptible green 
colour to the flame, It deftroys the life of ani- 
mals, and reddens blue vegetable colours. Its 
fnoA diftin^ive chara6ler is, that it corrode^ 
unpoliflies, - and diflblvei^ glafs; fo that "the 
t^ickeft veflels of this fubftance cannot long 
Retain 4t It is very feldom exempt from the 
tearth which forms. the bafe of glafs, even in the 
£a& when it is prepared in veflTels of metal, 
hecaufe the fubftance from which it is ob- 
tained frequently aflfbrds the earth which ^fc 

xrp2iiain3. . 
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^ 5. Light is re(rsLQ:td by the gafeous fluoric 
acid in proportion to its denfity. Caloric dif- 
folves it without appearing to alter its nature ; 
for it pafles, with all its properties, through an 
ignited tube of poFcelaih. 

6. When brought into contaft \rith oxigen 
gas, atmofpheric air, or azote, it changes npne 
cf the properties of thofe bodies ; neither ab- 
forbing them, nor appearing to be fubje6l itfelf 
to any alteration. Bat when thofe fluids con- 
|ain^ water, itabforbs that compound, and form$ 
a denfe white vapour, owing not only to the con- 
denfation of the acid by the water, but likewifc 
by the precipitation of the earth it contains by 
the union of this liquid. Whenever, therefore, 
thi^gas ia received in the air, it affords a very 
iSei^fe and heavy fume, which falls down, and is 
depofited in the form of white moift vapour on 
the furface of bodies. 

7. Hidrogen, carbon, phofphorus, fulphur, 
and the diamond, as well as the hidrogenated, 
carbonated, phofphorated, and fulphucated 
gafes are peife6lly unchangeable by fluoric acid 
gas, which itfelf likewife undergoes no kind of 
change from their adion. As we have feen 
that moft of the other acids are decompofed by 
one or more of thefe combuftible bodies, and 
that it is by fuch decompoiition, that the. nature 
of thefe acids has been difcovered, the perfed 
iinchangeablenefs oP the fluoric acid by the fame 
bodies, has not permitted u&to afcertainits com- 
pofition. This ihows, either that the prefent 

acid 
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acid is a fitnple bo4y, which has no more proof 
with refpedl to this, than with regard to the 
muriatic acid ; though the ftate of out" know* 
Jedge, fcarcely permits any fuch conclufion: 
or otherwife, which is the moft natural atleaft 
by the force of analogy, that this acid has, for 
its radical, a fubftance of which the attra&lou 
for oxigen is ftronger than that of any of the 
known combuftible bodies. This lall aflertion, . 
neverthelefs, is truly an hypothefis as well as the 
former, though it is more agreeable to the 
known faas. 

B. No metal ads upon the fluoric acid gas, 
or receives any alteration from it All the me^* 
tals have the fame habitude with it as the other 
combuflibld bodies ; fo that they undergo no 
change, or oxidation, and confequently no fo- 
lution if this gas be perfectly dry. But it is 
very greedy of water; if it contain a fmali 
portion of this fluid, it then fpeedily ihows 
traces of oxidation in thofe metals which are 
moft fufceptible of that procefs, and are plunge 
^d in itr 

9. Water, whether in the form of ice, or in 
the liquid ftate, eafily abforbs the fluoric acid 
gas ; which fufes ice, and cools it by producing 
the liquid ftate, or heats fluid water, by condenf- 
ing it. In proportion as it becomes thus lique- 
fied, it depofits moft of the earthy matters it 
held in folution in its elaftic fluid ftate, and 
when it is received from the bottom of the wa\ 
ter fo as to rife to its furface, it precipitates long 

cylindric 
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cyliiidric hollow portions of earth, which, *f* 
^hgingthcmfelves in fome inftances befide each 
either, refemble the pipes of an organ. . If il 
tottiife the furface only of the water it forms ^ 
foiid cruft, whioh breaks and falls down. By 
the Ikme mechanifm^ a Icind of earthy envelop, 
or ftony clothing, a& it has been called, may be 
depofited on the furface of fiflies, frogs, ^and 
plher aCfuatic animals which are plunged in it 
when wcty but which it kills before it thus eo- 
Wf s. This tffeSt has been compared to a |ie- 
trifaftion, and fufpicions have been entertaiaed 
%hsit the laft:procefs may take place in fcZie eai^th 
Igr aiimilar chemical niechanifm. 
. 10. The fluoric acid gas is flowly afciorfed 
fcy tlie metallic oxides ; at leaft by moft of them* 
if water be added to thofe two bodies in caB«r 
taS, a more fpeedy and eafy combinatian takes 
place r peculiar metallic falts ai^ formed, which 
^ill be pointed out in the feclion deftined to th^ 
Jparticular hiftory of the metals. 
• 11. The fluoric acid gas difplaces carbonic 
acid from moft of its combinations : being 
JWfeaker than the fulphuric, the phofphoric,. ni- 
tric, and muriatic, it does not feparate fhem 
from their compounds, but, on the contrary, is 
Separated from its combinations by thefe acids. 
^t does not change 'the phofphoreous, fulphu^ 
Teous, and nitrous acids, though it is ftronger 
than thetwolaft which it difengages &om their 
<iombiaatians ; and it has no adlion on the iii- 
trous oxide, or oxide of azote. It is weaker 

than 
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than fbme of the metallic acids, and ftrongef 
than many others. All thefe fafts relative trt 
its actions, like the fimilar fafts with rel^e6fc to 
the other acids, will be pointed out in the arti- 
cles of falts. 

1£. The fluoric acid in a liquid ftate, or unit- 
ed to water, exhibits fome properties different 
from thofe of the fame acid in the ftate of gas* 
It iS' heavier than water, though we do not know 
the ratio of its fpecjfic gravity. Its tafte is 
very rough and acrid, though never cauftic, 
however concentrated it may be. It reddens 
blue vegetable colours, without giving them 
brilliancy like the muriatic. It corrodes glafi, 
for which reafon it muft be kept in bottles lined 
with wax. It emits very little tume, thouoh 
water may be highly charged with it. It dif- 
folves lefs of the earth of the veffels, than the 
fame acid in a ftate of^gas. 

13. Light produces no change in this acid. 
Caloric difen gages it eafily from water, and 
caufes it to alfume a gafeous form. Neverthe- 
Iefs,.tlie laft portions adhere fo ftrongly, that it 
is difficult to caufc them to lofe the liquid ftate, 
and to feparatc them from the water in order to 
give them the elaftic fluidity. 

1 4. This liquid undergoes, no more alteration 
than its acid gas by the application of combuf-^ 
tible bodies; which alfo undergo no change. It 
attacks the metals much more cftettually than 
the fame acid in the g-afeouft ftate. Its attract 
tioa for the oxides^ renders water very deco«i* 

pofable 



pofable by many of thofe bodies ; hidrogen ga< 
is difengaged during its aftion. The acid dif- 
folves the metals in proportion as they become 
burned by the oxigen of the water, 

15. It unites with water in all propprtions, 
and lofes its force, in proportion to the quan- 
tity of this liquid that may be added. When 
its Ipecific gravity is to water as 1,064 is to 
1600, it retains no more than one 600th part 
of earth foreign to its nature, and is then as pure 
as it can be. It alfo combines with many me- 
tallic oxides, and does not a6l upon all the 
other non-metallic oxides. It does not aiTume 
any charad;er of oxigenation like the muriatic 
acid. 

16. The very flight efFe6ls dependent on the 
force, or weaknefs, ^f the fluoric acid, when 
compared with the other acids, are much more 
evident and fenfiBle with the liquid acid, than 
in its ftate of gas. It is very worthy of notice, 
that it does not exhibit the fame a6Hon on the 
nitric acid aa the muriatic acid does ; and that 
it is thus eflentially diftinguilhed from the latter. 
Though fome chemifts have affirmed, that it 
a6ls on nitric acid after the manner of the mu- 
riatic acid, this refult has arifen from their fluoric 
acid not being pure, but containing a fmall 
portion of muriatic acid, as Scheele has proved 
in 1780. 

17. Though the ufes of fluoric acid are 
(till very little extended, we may forefee that 
they will, hereafter, be of confiderable import* 

ancc 
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ance m.the arts, from its property of taking off 
tlie poliih and diiTolving hard (tones, and gla& 
It has already been propofed to engrave upon 
thefe fubftances in tlie fame manner as is done 
with the nitric acid upon copper, and this new 
art has already been applied with fuccefs, in the 
fabrication of inftruments of meteorology and 
natural philofophy. 



'Article XVI. 

Concerning tht Boracic Acid. 

1. THE boracic acid is the third and laft of 
thofe, of which the nature and compofition are 
ftill unknown. Its name, like thofe of the two 
preceding, is taken from the fait from which it 
is extrafted, generally known by th6 name of 
borax. The hiftory of this fait will be given in 
the fedion of falts. The boracic acid was at 
firft called fedative fait, afterwards acid of borax, 
or boracic acid. It received the denomination 
it now bears, at the .time of publiihing the me- 
thodical nomenclature in 1787* 

g. The difcovery of this acid* dates in the 
year 1 702. Homberg, a chemift of the academy 
offciences at Paris,, difc6vcred and obtained it 
by the fublimation of a mixture of fulphate of 
iron and borax. He called it volatile narcotic 
fait of vitriol, or fedative fait, and was of opi- 
nion that the fulphate of iron, then denominate 

ed 
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€^ vitriol, contributed to its formation. Leme* 
ry the younger foon aftervrards found that it 
might be extrafted from borax by the iiitric 
and muriatic acids, always by fublimation* 
GeoiFroy obtained it in the humid way by pre-* 
cipitation from the folution of borax, mixed 
with the fame acids, and proved that it is united 
to foda in borax. Baron generalifed this ex-^ 
traftion by the weakeft acids then known,, and 
concluded, that this acid is ready formed and 
contained in the borax. Though fome chemifts 
have fmce fuppofed that the acids made ufe of 
contributed to form it, yet the numerous expe- 
riments which prove that it is perfeftly identical 
whatever acid may have been ufed for its ex- 
traftion, leave no doubt in this refpe6l. 

3^ Though fome facls feem to ihow that this 
acid is daily formed in fat matters, fpontaneouf-' 
ly decompofed, no accurate knowledge has yet 
been acquired refpefting its formation. It h 
found diffolved in fevcral lakes of Tufcany. It 
was firft difcovered in 1 776 by Hoeifer, a che- 
mift of that countr}'^, and the difcovery M-as 
afterwards confinned by feveral others. It is 
more particularly in the water of the lake Cher- 
chiago near Monterotondo, in the province of 
Sienna, that this acid exifts in fufficient abun-^ 
dance to be advantageoufly converted into 
borax by foda. It is alfo combined in certain 
foifils with earthy fubftances, as will be lliown in 
the fcftion of falts. 

4. To 
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4-; To obtain boracic acid, which is fimply 
extra6led from borax, a fufficient quantity of 
fulphuric, nitric, or muriatic acid is poured into 
a hot folution of this fait, to give the fluid an 
excefs of acidity. During the cooling,* the bo- 
racic acid, feparated by thefe laft which sare 
much ftronger in their attra6lion, is depofited 
in the form of cryftalline fcales more or lefs 
large, white, and brilliant. Thefe are walhed 
on a filter with cold Avater, until all the marine 
acid has been carried off. 

5. The boracic acid thus prepared, has the 
form of white micaceous plates, exhibiting al- 
moft the filvery brilliancy of the fcales of fifli,, 
cryftallized in irregulai' hexahedral flat leaves, of 
a cool and roughifh faline tafte, very light, and 
reddening blue vegetable colours. This acid is 
diftinguilhed by its ufes, its appearance, its tafl:e, 
its form, and an un6tuous, as well as brilliant 
appearance on its furface. It obfl:inately retains 
a fmall portion of the acid which ferves to fe- 
parate it .from the borax. 

6. The acid of borax is perfe6lly unalterable 
by light : when expofed to heat, it melts a Ihort 
time before ignition, without any fenfible lofs of 
water. Its fufion is pally, when the tempera- 
ture is below the red heat ; but, in the latter 
cafe, it flows very well, though not as fluid as 
borax itfelf. The boracic acid, thus fufed, pof- 
Jeifes the vitreous ftate, hard, tranfparent, and 
becomes flightly opaque in the air, without at- 
trafting humidity. It has undergone no alte- 

Vol. IL N ration 



lyS BORA^lC ACID. 

ration; for when it is diffolved in hot water, it 
refumes its original form with all its properties, 
by cooling and cryftallization. ' Never thelefs, 
Cartheufer has pretended, that by roafting and 
flowly calcining the boracic acid in an open 
veffel, taking care frequently to agitate it, an 
odour of muriatic acid is difengaged, and that 
by afterwards diffolving it in water a feparation 
of earth takes place ; fo, that by repeated calci- 
nation and lixiviations, it may be decompofed 
into muriatic vapour and earthy powder. But 
this experiment on trial did not afford the ex- 
pefted refult. It is alfo known, that the bo- 
racic acid, fufed in the form of glafs, and dif- 
folved in water, affumes, at the bottom of the 
folutiou upon evaporation, a gelatinous form, 
and that of laminated cryftals merely at the 
furface. 

7. The concrete boracic acid undergoes no 
alteration by oxigen gas, common air, or azote 
ga^, neither does it, in any rcfpefl, change the 
combuftible bodies, hidrogen, carbon, phofpho- 
rus, fulphur, &c. from which it receives no 
known modification. The fame obfervation 
alfo applies to the mixed hidrogenous gafes, car- 
bonated, fulphurated, gafes, &c. 

8. This, of all the acids, has the leafl afiioa 
on the metals, and appears leafl capable of at- 
tacking them. As its tafte and power of com- 
bination are extremely flight, in comparifon 
with mofl of the preceding acids, we may form 
a notion why it favours not, without great diffi- 
culty, 
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culty, the decompofition of water by the me* 
tals which are ufually the moft difpofed to that 
procefs. 

9. It is, likewife, with the exception of the 
metallic acids, that which has the leaft attrac- 
tion for water. Boiling water diffolves fcarcely 
a fiftieth part of its weight, and cold water takes 
up much lefs, fo that the acid cryftallizes by 
cooling in the fluid. When it is evaporated in 
clofe veflels, or when a faturated folutiofj;* of 
boracic acid is diftilled, part of the acid rifes 
with the water in the form of vapour, and cryf- 
tallizes in the receiver. This fublimation ceafes, 
when no more water is prefent, whence it fol- 
lows, that boracic acid is volatilized only by 
favour of this fluid, being' neither volatile nor 
fublimable alone, and, in fa6l, flowing into 
glafs rather than evaporating. The folution of 
this acid has little tafte, and reddens the tindlure 
of turnfole very evidently. 

10. There is little attradion between the con-*- 
Crete boracic acid, and moft of the metallic ox- 
ides ; whence they can fcarcely be well united, 
but by means of the double eleftive attra6lions 
as we ihall hereafter fee. Water flightly fa- 
vours this immediate dbmbination. We ihall, 
elfewhete, fpeak of this genus of metallic falts. 

11. As this acid is weaker than moft of the 
acids, we have feen that it is difengaged by them 
from its combinations; its attraftions, neverthe- 
lefs, compared with thofe of the other acids, 
vary according to the temperature, for in the 
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dry way, and particularly by ignition, it fre- 
quently expels from their compounds, acids 
which would feparate it from its combinations 
in the cold, and by the humid way. It appears 
capable of undergoing fome alteratioja ftill un- 
known on the part of fulphuric, the nitric, and 
the oxigenated muriatic acids, becaufe, when 
heated with thofe acids, it deprives them of a 
portion of their oxigen, and partly difacidifies 
thosn. It appears capable of becoming itfelf 
oxigenated, but what befalls it in this flatehas 
not yet been determined. 

12. The properties, indicated in the prefent 
article refpe6ling boracic acid, proves that it 
differs from all the others. That which moft 
ftroiigly refembles it is the phofphoric, on ac- 
count of its fixity and vitrifiability ; but it pof- 
feffes only, in a very weak degree, the property 
of mutual attraftion, which is fo remarkable 
and fo powerful in almoft all the preceding 
acids ; it is nearly infipid, almoft infoluble in 
water, and produces a very flight alteration in 
blue colours. It may be confidered as the leaft 
powerful among the acids. 

1 3. Without poliefling a knowledge by any 
pofitive fafl of the nature of the boracic acid, 
fome nnodern chemifts confider it, as well as the 
muriatic and fluoric acids, as a compound of an 
unknown radical and oxigen. They apprehend 
that its not having yet been decompofed, arifes 
from its radical adhering to the acidifying prin- 
ciple with a force which no other body is capa- 
ble 
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ble of overcoming. Others fufpe6l that this 
acid does not contain dxigen, but that with the, 
two preceding acids, and fome others hereafter 
to be mentioned, it conftitutes a particular ge- 
nus of acid bodies, not burned or oxigenated* 
Thefe two opinions are limple hypothefes, equal- 
ly unfupported by fads ; the firft, after all the 
analogies which may be grounded on the aftual 
Hate of chemical knowlege, appears, however,, 
much more probable than the fecond. 

14.' The boracic acid is frequently employed 
in chemiftry ; not as a re-agent, or inftrument, 
to afcertain the nature of other bodies, for its 
attraftions are too weak, and its aftion poffeffes 
too little energy to admit of its being applied to 
this ufe ; but in order to afcertain its proper 
combinations and the compounds to which it 
gives rife. It was long thought to be fedative 
or narcotic, and its firft denomination arofe 
from this opinion. But it is at prefent afcer*^ 
tained that it is not adapted to this indication.' 
In the filverfmiths and jewellers art, it may be 
nfcd like borax itfelf to affift fufion, and cover 
the furface of fmall pieces of gold and filver 
which are foldered. Borax is, however, more 
advantageous, and deferves the preference alfo 
on account of its being more eafy to be pro- 
cured. The boracic acid is ufeful alfo to mine- 
ralogifts, to favour the fulion of fragments of 
ftone, which they treat with the blow-pipe. 
Xhe manner in which it operates, the fufion or 
vitrification, the colours it affumes, and the 

form 
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form it afFe6ls, afford fo many ufeful chara6lers 
for afcertaining the claffification of foffils. 
When the nature of this acid fhall be known, 
it will render much greater fervices to the arts 
and contribute more to the progrefs of fcience. 
15. I have lately heard, in Florialof the year 
feven, from Citizen Fabroni, a philofopher of 
Florence, that from his own particular experi- 
ments, he conliders this acid as a modification 
of the muriatic ; that it can be totally couipofed 
with that acid ; and that the boracic acid is 
probably formed by this muriatic modification 
in the water of the lakes of Tufcany. But I am 
yet unacquainted with the fa6ls upon which 
this opinion refts, and the experiments by which 
Citizen Fabroni thinks he has eftabliflied it. I 
thought it proper to confign the fa6l in this 
place, on account of the confidence which the 
great intelligence and veracity of this fkilfuV 
philofopher muft naturally infpirCt 



SECTION 



SALIFIABLE BASES. 183 



SECTION FOURTH 

Concerning the Earthy, and Alkaline Salifable 

Bajes. 



Article L 

Concerning the Salifiable Bafes in general; their Claf- 
Jijicaiiony and that of the Earths in particular. . 

1. I CALL thofe bodies falifiable bafes 
which, neither being combuftible bodies nor 
burned fubftances, have the property of uniting 
more or lefs eafily, and more or lefs ftrongly 
to thefe laft, and of converting them into falts. 
The name of bafes applies to them in general, 
becaufe they fix, in fome manner, the acids; be- 
caufc they take away, or annul, the volatility 
of the moft evaporable, and, by this union, they 
maik, envelop, and deftroy the acid charafters, 
and determine, by their combination with thefe 
bodies, the fpecies of the falts. The denomina- 
tion oi falifiabky employed firft by Lavoifier, 
and which I have adopted after him, defignates 
that when thus coinbined wit|i the acids^, they 

form 
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form the falts properly fo called, and thence 
appear to conftitute their effence. 

2. The falifiable bafes are of two kinds. 
Some of thefe are defignated by the name of 
earths ; others, by that of alkalis. I fhall only 
treat, in this article, of the earths confidered in 
general, or in the affemblage of their generic 
properties. The name of earth, given i firft to 
our globe, has been applied by chemifts to a dry, 
infipid, acrid fubftance, infufible by heat, info- 
luble in water, which feems, by thefe charaQ;ers, 
to reprefent the ftability and inalterability of 
the globe itfelf, to belong mod eminently to its 
formation, and to conftitute a neceffary part of 
its mafs. Thus the word earth, by recalling 
the ideas of the terreftrial globe, indicates that 
every body of that name refembles the earth in 
its folidityj and in the permanence of the earth, 
that it partakes its properties, and appears to 
belong to it. 

3. Chemifts have a long time believed, that 
there is a primitive elementary earth, the origin 
and common fource of all the others ; forming 
the folid bafe of the whole globe, poffeffing a high 
degree of that charafter of inalterability and 
drynefs which they attributed to the earth in 
general, and of which they thus admitted the 
exiftence in all the dry and infipid bodies, which 
more or lefs refemble it. They afterwards in- 
quired to what peculiar matter they could moil 
properly apply thefe properties ; and, they be* 
lieved, they had moft eminently found them in 

that 
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that which was at firft named vitrifiable, becaufe - 
it particularly poffeffes the quality of fufing into 
glafs, by the affiftauce of alkalis : it is the earth 
of rock cryftal, of flitits, &c. 

4. But in proportion as the art of analyfis was 
improved, and extended to a greater number of 
fqffils, and bodies more or lefs earthy, it was 
perceived that the number of earths increaftd ; 
that feveral were met with very different from 
each other, claiming equally to be regarded as 
primitive. It was afterwards difcdvered that 
feveral had lefs infipidity, unalterability, and 
infolubility than others, and that there were 
fome which, in tafte and other propeities, feem-^ 
^d to approach to alkaline matters. 

5. It eVen appears that nature, in contradict* 
tion to the firft conceptions of chemifts, ha4 
determined by increafing their acquifitions and 
aggrandifmg their difcoveries, to force them 
abfolutely to rejeft the notion of a pviuciplci 
or of ai3^ earthy element, by fhowing, on the one 
hand, that the pretended vitrifiable earth which 
they formerly qualified with this title of ele- 
ment, and which they regarded as the caufe of 
the unalterability of a number of bocjies, does 
not even exift in thefe bodies; but that it fre- 
quently enters, on the other hand, into the com* 
pofition of matters, the properties of which, be- 
ing very different from^ thofe which they attri- 
buted to it, did xiQt even caufe them to fufpe6^ 
itsprefence. 

6. Th« 
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^ 6. The more progTcfs the fcience made in the 
knowledge of minerals, the more the number of 
the earths became increafed ; and the more alfo 
the firft hypothefes refpe6ling a primitwe earth, 
or an earthy element, muft have loft their force, 
and their probability. Hence it refults that our 
prefent notions concerning earthy matters, are 
very diiferent from thofe which were formerly 
admitted ; inftead of regarding fome earths as 
modifications of a pretended primitive earthy 
principle, we are contented to compare them 
all, to diftinguifli their differences, and to de- 
termine with care their diftinftive properties ; 
we are convinced they have only certain rela- 
tions of quality, but not of nature, or of inti- 
mate compofition ; and, laftly, that being igno- 
rant, of the difference, of the number, and of 
the proportion of the principles which conftitute 
each of them, we ought rather to inquire into 
their attra6lions, and their fpecific chara6lers, 
than to fabricate hypothefes refpe6iing their ori- 
gin, and their intimate analogies. 

7. In the prefent ftate of our knowledge, I 
diftinguifli fix fpecies of earthy matters. Some 
chemifts admit eight ; but two of them are 
really alkalis, to which order of bodies, I rc^ 
fer them. There are alfo feveral others which 
were, at firft, thought to be new earths, but 
which, foon afterwards, were difcovered to be 
mixtures, or combinations of fome of thefe 
earths with each other. It is by carefully ana- 
lyfing ftone, by proceffes, and means unknown 

in 
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m ancielit chemiftry, that thefe important dif- 
coveries have been made. Of thefe very dif- 
tin6i; and well-determined fix earths, the ari- 
Gients only diftinguifhed two. The greater 
number of the four others are produfts of the 
labours of modern chemifts, particularly Berg- 
mann, Scheele, M. Klaproth, and Citizen Vau- 
cjueiin. 

8. Among the fix earths well diftinguiflied 
by their particular properties or fpecific cha- 
raQ«rs, there are fome which poffefs earthy 
characters in a more eminent degree; and 
others approximute to the alkaline fubftances. 
The firft may be defcribed by the term o^ pure 
earths J arid earths, or earths properly fo called; 
and the fecond, by that of alkaline earths. 
Thefe havefi-equently been named falino-eartky 
fubfi;ances^ Jaline earths, and earthy alkalis. 
It is with thefe laft earths that the two fpecies 
which I have referred to the alkalis properly fo 
called, are claffed by fome of the moderns. 

9/ There are four pure; arid, infipid, or 
flightly fapid earths, flightly alterable by heat, 
infoluble, or almoft infoluble, in water ; in a 
word, earths properly fo called. Of thefe four 
fpecies, in a certain fenfe, the firft are Jile^Vy 
aluminey zircone, and glucine. There are two 
alkaline earths ; that is to fay, fapid like the 
alkalis^ though never fo acrid as they ; turning 
feveral blue vegetable colours to green, and 
more or lefs foluble in wat^r, Thefe two fpe- 
cies 
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cies have received the names of magnejia and 
lime. ^ 

10- The refpeaive difpofition of thefe fix 
earths in the order indicated, an order which 
will be followed in the fucceffive examination 
of each of their fpecies, commences with thofe 
which mod eminently poffefs this earthy cha- 
racter, and leads to thofe which are mod alka^ 
line. As to thefe laft, I have difpofed them 
accoi-ding to theij force of general attraftioa 
for the acids: magnefia, as moll weakly at- 
tracted by them; and lime, as moft ftrongly 
attracted. This order is the inverfe of that 
which I have adopted in the preceding fec- 
tions ; I hav^ adopted it in order to eftablilh a 
natural tranfition from the earths to the alkalis, 
gradually pafling from tlie weakeft as an alkali^ 
and a9 it were the moft earthy, which is filex, 
to the moft alkaline, and confequently the leaft 
earthy, which is lime, 

11. All thefe fix earthy matters exift in na- 
tural compounds, nxoft frequently ftony or fa- 
line, whence they are extraCled by chetoiical 
art None of them are yet known as to their 
principles or compofition; and, though Na- 
ture appears to form them continually around 
us, and perhaps even with the proper matierials 
of our bodies during our lives, we have not yet 
any notion of their principlea, ajad we cannot 
produce the fmalleft quantity of any of them 
by art It would appear then that I ought to 

place 
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pkce tbefe fubftances in the fefl:ioixs of fimple 
or undecompofed bodies; but every fad an* 
nouuces that they are not really fimple beings ; 
that we are on the point of obtaining their de- 
compofition, and that they do not poffefs that 
order of fimplicity which is remarked in thefe 
matters referred to in the fecond fedtion of this 
work^ Befides, it is natural and neceffary to 
place the falifiable bafes after the acids, fmce 
they have fo much difpofition to unite with the 
former, that they produce with them very im- 
portant compounds, the properties of which it 
is ncceflary to examine immediately after tlieirs, 
and which become inflruments of analyfis. 



Article II. 

Concerning Silex. 

L SILEX, (in French filice^ which name is 
derived from the word filex, and had long fince 
been transferred from the Latin into the French 
language) has, at different periods, been de- 
nominated from its properties or its origin. 
It was formerly called the vitrifiable earthy be- 
caufe it eminently poffefles the property of 
fuiing into a tranfparent and folid glaf^ by 
the affiftance of the fixed alkalis. That of 
quartzofe earth has been fubftituted for this 
firft name, becaufe the principal genus of ftones, 

wherein 
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wherein it is abundantly contained, wis de^ 
fcribed under the generic name of quartz. The 
words Jiliceous earth, are yet the moft fw 
quently fynonymous, as an adjedive natni^lly 
derived from the word Jtlea\ ' 

2. Silex, oneof the moft abundant of earths, 
forms the bafc of the hardeft ftones which ajn 
pear to conftitute the nucleus of the globe. Fbt 
this reafon it has been regarded as the primitive 
or elementary earth, and in fome fort as th(J 
pre-eminent earths It is found in rock cryftal, 
quartz, filex, agates, jafpers, of which it forms 
the bafe, and in many other ftones of which 
it forms one of the chief conftituent parts in 
combination with other earths. 

3. Nature never prefents filex fufficiently 
pure for chemifts to employ it as fuch iti their 
operations ; it is feldom pure enough to be ufed 
even in the proceffes of the arts. Some fine 
and almoft purely quartzofe fands, feparated 
from foreign bodies which are mixed with the 
filex, by means of walhing and the a6);ioh of 
acids, may anfwer the purpofes required in many 
manufaftories, particularly in glafs-houfes and 
potteries. But the fand or filiceous earth moft 
appropriated to the ufes of thefe arts being 
merely fragments of quartz, of rock cryflul 
rolled or worn down, and containing in their 
intimate compofition a combination of filex 
and alumine, or even of other earthy fub- 
fiances, it is not in this fubftance fuch as it 
copes from the hands of Nature, that chemifts 

can 
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can find pure filex ; they are obliged to Bave 
recourfe to different procelfes to purify it. 

4, Before the analyfes of the moderns, and 
principally of Scheele and of Mr. Klaproth, it 
was neceflfary to be contented with dividing 
and pulverizing the fcintillant ftones, quartz, 
and the pureft filex, in order to procure this 
vitrifiable earth. Theft flones were ignited in 
the fire and plunged in cold water. After 
having thus caufed them to crack in pieces by 
the fudden change of temperature, they are 
broken and crufhcd in mortars of agate or of 
filex, with a little water, and this powder is 
pafled through fieves of filk, and then made ufe 
of as pure filex : but it is evident that it is only 
a pounded {lone, and that the filex is far from 
pofleffing that flate of purity which a6lual ana- 
lyfis demands. At prcfent, it is by more com- 
plicated, but more certain procefTes, that filex 
is prepared for chemical ufes. It is by fufion 
with the fixed alkalis, and feparating it from 
its folvent by means of the acids which preci- 
pitate it, that pure filex is obtained. This 
procefs will again be treated of under the arti- 
cles of the fixed alkalis. 

5. Silex prepared by the procelfes here indi- 
eated, has the form of a very fine white pow- 
der, without tafle or fniell, the ultimate 
particles of which are rude and harfh to the 
touch. When it is rubbed between the fingers, 
it fcratches and wears the epidermis, without 

adhering 



]p3 dtl£}t. 

adhering to it When tafted, it is rough and 
dry on the tongue, 

6. Light caufes it to undergo no alteration. 
One of the principal chambers of this earth is, 
that it is perfectly unalterable by heat, however 
great may be the quantity of that body, which 
is accumulated in it. It is regarded as the 
moft incombuftible fubftance in nature. It 
permits heat very eafily to pafs through its 
molecules, to penetrate it, and quickly to ex- 
hale ; its capacity for this matter is very weak. 

7. Silex has no attraftion for oxigen, nor 
for azote ; it does not attra6l them from any 
body, nor alter them in any of their properties, 
when it is expofed to the contafl; of oxigen 
and azote gas : hence it is not changed by the 
contaf); of the air ; and does not attraft any 
principle from it. 

8. Neither has it any attraction for the fimplc 
combuftible bodies ; it has no a6lion on hidro- 
gen, carbon, phofphorus, fulphur, nor on the 
carbonated, phofphorated, and fulphurated hi- 
drogenous gafes. Lefs hard than the diamond, 
while its particles are combined in the ftony 
aggregate, it can be worn and cut by that 
body. It afts mechanically on the metals in 
the fame manner as the diamond a6ls on it 
When it is rubbed on metallic furfaces, it 
fcratches, wears, and furrows them ; and if it 
be in very fine j)pwder, the muriate, and very 
numerous fcratches it makes on their futfaces, 

♦•X give 
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give tliem' a veiy brilliant poljfli : for this 
ieafon it is ufcd ' to clean and ' polifh the 
metals. Exclufiv'e of thofe mechanical and 
mutual anions, no attraction exifts between 
filver, the diamond, and the metals; 

9' Though it has been ufual to fuppofe in 
the laboratories of chemiftry, that water does 
not aft oh filex, which is true^ when the 
particlesf riot veiy fmall, and poffefling fbme 
force of aggregation, this earth is neverthelefs 
capable of contrafting a ftrong adherence with 
water, provided it be extremely divided and 
attenuated, as it ufually is in the fufions and 
folutions which it is made to undergo ; it theii 
forms, with liquid water, a tranfparent jelly; 
it is even totally diffolved in it, or at leaft it 
remains for a long time fufpended in it, ad I 
fliall h*^ve occafion to remark hereafter: Na- 
ture certainly dilfolves filex, even in great 
quantities, by prpceffes which are yet un- 
kno\\Ti to us* It is thus that it forms in gene- 
ral tlie (iliceous cryftals, the ftalaftites, the in- 
cruftations, and depofitions of the fame nature; 
it is thus that according to the remark of Berg- 
mann, 'the water of the boiling fountain of 
Geyfer, in Iceland, after fpouting to nearly 
thirty metres. in the air, depofits in falling fo 
great a quantity of filiceous earth, that it forms 
around its bafe in a^fort of folid cup which fur- 
mounts and envelopes it. The adherence of 
water to filex, divided by the operations of 
chemiftry/ in which it affumes the form of 
jelly, is not annulled but by the ftrongeft at* 
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traaions: thus we find- that the filiceous jelfjr, 
much dried by long expofure to the air, loft^ 
0,28 of its weight when it is expofed to the 
temperature which fufesfilver, 

10. Silex forms combinations with moft of 
the metallic oxides. Some of them comWae 
with it, or, at leafl,. adhere to it more or lefs 
ftrongly, by the addition of a little water, and 
in the humid way : fuch is the theory of the 
folidity added to filiceous cements by the oxide 
of iron ; others, and the greateft number, unite 

•with it only in the dry way, and by fufion. 
Caloric, by favouring thefe combinations, ex- 
hibits the metallic oxides as the fluxes of filex. 
The refult in general of thefe vitrifications are 
hard and coloured frits, or enamels; which 
will be treated in detail in the hiftory of each 
metal in particular. I ihall only obferve here^ 
that thefe vitreous and coloured combinations 
of metallic oxides and filex, employed in the 
arts of the glafs maker and the enameller, al- 
ways fuppofe the neceflity of ufing alkaline 
fluxes ; which annoxmccs that their fufibility^ 
very weak in itfelf, requires the afliftance of the 
fixed alkalis. 

11. Infolubility in the acids was^ fome year& 
ago, one of the mofl; marked and diftinfilive cha- 
rafters of filiceous earth; but the fcience has 
acquired much on this point, fince the art of 
analyfing hard ftones has become one of the 
moft fimple and moft frequently exercifed in the 
laboratories of the modern chemifts. It was 
fuft difcovered that the phofphoric and bo- 
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racic acids '^ united with fllex by fufion; jt 
was then difcovefed that the fluoric acid, eVen 
in the ftate of g^s, diffolved it, and communi- 
cated tt) it its invifibility under the aerial form. 
Laftly,«the chemifts experienced in treating the 
hard ftones for examination and analyfis, have 
remarked, that filex divided by the alkaHne 
fluxes, remains fufpended, and even frequently 
diffolved in the acids >vhich were employed to 
precipitate it, and that it cannot be feparated 
from them but by evaporating to drynefs the 
liquors which held it fufpended. It is princi- 
pally in the muriatic acid that this diffolving 
property, with regard to filex, moft fenfibly ap- 
pears. However, its combinations with the 
acids, if the fluoric be excepted, are of little 
permanency. When diffolved, or fufpended in 
thefe fluids, it is eafily feparated from them by 
•evaporation ; their union is quickly annulled 
by the prefence of caloric. 

12. Though filex is never pure in natural 
produ6ls, yet as the ufes to which it is particu- 
larly appropriated, either by nature, or in t^ie 
arts, depend more particularly on the properties 
of this earth, and it not being poffible to fupply 
them by other earthy fubfl:ances, it is under 
this article that what concerns thefe ufes ought 
to be placed. In nature, the filiceous fl:ones 
are manifeftly deftined to form the folid bafe 
of the globe, to conftitute the primitive moun- 
tains, and to give them that durability which 
renders them permanent during thefucceflive re- 
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volutions which the ftate of the earth undergoes; 
The places where fiKceoue^ earth is collefted un- 
der the form of fend, prefent the chara6ler and 
effefts of itsr drynefe and infolubility. In the- 
immenfe plains which it forms, the winds fre- 
quently tranfport it from one place to anotlier^ 
and accumulate moveaMe mountains. Tbe wa- 
ters contmually wafli it from the mountains^ 
into the vallies ; the motion which they com- 
municate to it wears ayid poliflies its particle*^ 
in fuch a manner, that they are at laftirounded, 
and fo glittering, that they have the appeaFancc 
©f a liquid. Perpetually carried to the loweft 
parts, of the globe,, filex forais the bottom of 
feas, riverS) rivulets,, and b^ooksy and as it eafily 
permits the water to pafs which cannot afl; on it 
fcut with difficulty, it purifies, or rathcF clari- 
fies, that liquid, tlie quality of which is fo much 
more valuable, as it has remained a longer time 
on filiceous earths, or has palled through more 
extenfive ftrata. 

13. The ufes of filex appear to he ftill more- 
multiplied, and move varied in the arts than in 
nature. In the form of fine fand^ the cultivator 
fpr.eads.it on the ftony, or foft foil, to improve 
its harllinefs, or to dry its furface ; it is alfo^ 
placed at the bottom of fountains, or of refer- 
voirs of water to filter it,^ and deprive it of va- 
rious foreign matters which render it turbid. 
The hardnefs of its particles caufe it to be em- 
ployed in the ftate of fmall fand, to clean, or 
fcour metallic vafc.% and utenfils. Mixed with 
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'aflquantity of clay, by the founders of metals, 
It becomes one of the moft nfcful materials of 
their art; to form the moulds in which the fufed 
metals are caft into every poffible form, from 
ftatues, cylinders, and flys the moft voluminous, 
to caft nails of the v fmalleft fize, and moft diffi- 
cult to mt)del. Silex alfo under the fwm of 
fand, of gravel, and of fmall pebbles, forms the 
bafe of the moft durable and moil folid mortals 
and cements^ the fragments of which are unit^ 
^d by paftes of lime an^l of clay. It is mixed in 
rdifFereiit proportions, under various forms, and 
in various ftates, in all the potteries of ftone- 
ware, of eairthen wa^'e, and of porcelain, to whidb 
it gives its owa i^fraAory qualities. Under 
this point of view, filex is one of the moft im- 
portant materials in chemiftry. Laft:ly, this 
^artii is alfo the true bafis of the art of glafs- 
making ; ftnce, on the oaie hand, it entei^s into 
the neceffaa-y fabrication of the furnaces and 
pots, a^d, on the 0;theT, it foims one of the ftrft 
materia;ls of glafs, of which it determines the 
principal properties according to iits nature, and 
itsproportW / . 

1 4. Very pure filex exiils only in tiiie labora- 
tories of oliemiftry, wheie it is ufed in the 4e- 
mbnfl;ration^ -and experiments on the differeht 
properties of bodies, Jn the hands of the chemift 
it fometimes beccane^ the proper fubje<5l of his 
labours, and fometimes the iiiftrument of his 
.refearches. In the latter, it ferves to determine 
^he nature, or the chara6leriftic properties of 
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other fubftances, principally thofe of the fixed 
alkalis, of fome acids, of feveral falls, a$ will be 
feen in detail in many of tlie following articles, 
Jt \s equally ufeful in the docimaftic treat- 
ment of fome ores. . 




Article III. 

Condernins^ Alumine. 
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1. ALUMINE derives its name from alum ; 
it is derived from the Latin genitive a.luminis ; 
the reafon of this denomination is founded on 
the confideration that this earth, which forms 

N the bafe of the compound fait, named alum, 
alumeriy is pure in this combination only, and 
from this alone can be extracted pure. It was 
formerly named argil, or argilaceous earth ; but 
thefe names ou2:ht to be referved for the natural 
earthy mixtures to which they belong, and 
which they ought exqlufively to defcribe. 

2. Alumine has been long confounded with 
calcareous earth in its faline combinations. 
Pott and Margraif are the firft who diftipguillied 
ijt, and remarked that it does not afford any lime 
by calcination. Baron and Gepffroy compared 
it to a metallic earth. In 1739, Hellot pofi- 
tively determined that the bafe of alum, feparat- 
ed from that fait by an alkalis, is pure clay. 
Macquer, in 1758 and 17^2, explained in feve* ^ 
ral memoirs, inferted among thofe of the acad^- 
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ifny of fciences, moft of its diftinftive and cha- 
radleriftic properties. Citizen Baumc, in a large 
^vork on clays, has affirmed, that this earth al- 
ways contains fulphuric acid effential to its na- 
ture, and that there is a firong analogy between 
filiceous earth, clay, and the gypfum. Thefe 
laft notions were foon proved to be erroneous by 
the labours of Bergmann and of Scheele. fiuf- 
fon confidered clay as^ filex attenuated, and, as 
it were, rotted by the aftion of water, the air, 
and the fun. At prefent, all chemifts acknow- 
ledge alumine to be a peculiar earth, and do not 
ad mk thefe forced analogies, and hypothetical 
converfions of one earth into another. They 
are convinced that thefe pretended tranfmuta- 
t-ions have been founded either upon ill-per- 
ibrmed, deceptive Experiments, or inaccurate, 
or falfe obfervations. 

3. Though alumine is found very frequently 
and abundantly in nature, it is never met with 
•fufficiently pure to be ufed in the experiments of 
chemiftry, and as it is impoffible to bring native 
clays to the ftate of alumine, by any fimple pro- 
cerffes, it is better to extra6l it from alum, by 
decompofing that fait by the* alkali. The bafe 
of alum, feparated from fulphuric acid by the 
alkalis, is precipitated -in the water which be- 
-fore held that fait in folution^ it is then to be 
•waihed in a large quantity of pure, cold, and 
^boiling water which muft be agitated a long 
time with it to deprive it of all its fait ; it is 
dried in the air^ and is thej)ure alumine of the 
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laboratories. It is very difficult to deprlvp it 
completely of the ajkali. 

4. Alumine, obtained by this procefs, ^astht 
form of friable fragments, or in a white, very 
fine powder, foft, and, as it were, unftuous un: 
der the finger, which feels worn by rubbing it; 
without definite tafte ; it fticks, or adheres 
clofely to the tongue and organs of tafte, which 
it dries and cpntrads, by attradling their fluids, 
and produces a (lightly ftyptic effed. Itisthi^ 
which is named the earthy tafte, becaufe it is 
this which is mpft commonly produced by ap? 
plying an earth to the mouth which contain^ 
Ipnough of alumine in its compofition to pro- 
duce this tafte very fcnfibly, 

5. A peculiar odour is emitted from thi^ 
earth when it is moiftened, or when diffufed in 
water; this odour is fo ftriking that it is enough, 
in order to develop it, to blow or breathe the 
moift and warm air of the lungs upon dry alu- 
mine. It is the prefence of alumine which 
gives this property to all the clays, to all the 
argillaceous earths of which the nature and cha- 
ratler, though they may not be eafily determin- 
pd by other means, fhow themfelves by this pro- 
perty in a manner which is feldom equivocal. 

6. The pureft filex which the fands prefent, 
is tranfparent and cryftalline ; alumine, on the 
contrary, appears to be opaque in its ultimate 
particles, and to communicate that property to 
jtones, in which it enters in any notable quan-: 
^ity. Though fome of thefe are tranfparent, 
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their tranfparence is very different from ihat of 
fijiceons ftones. Alumine alfo gives to the. 
cartlis, and even to the ftones of which it forms 
a part, an arrangement, or texture in plates or 
fmall leaves applied to each other, as n^y be 
feen in the marJes, the fchrfti and fuller's earth. 
It never affumes, by its fimple aggregation, a 
degree of hardnefs like that of the liliceous 
^ones ;• it does not poffefs, in the greater number 
pf its natural combinations, the property of giving 
fire by the ftroke of hard fteel. The fapphire, in 
which M. Klaproth has found 0,98 of alumine, 
forms an exception to this rule by its exceffive 
Jiardnefe and its beautiful tranfparen<:e, and 
fome calcedonies, as Citizen Vauquelin has ob- 
ferved, exhale an aluminous odour by tritura- 
tion, without however containing alumine. A 
few exceptions do not, however, deftroy a gene^ 
fal rule, 

7. Alumine is quite unchangeable by the con*^ 
tacl of light, which it totally reflefts. Caloric 
jBxercifes a ftrong action upon alumine : when it 
\s rapidly accumulated in great quantity, as 
'with the flame of a candle, animated with ox- 
i^en gas, it becomes penetrated with light, foft- 
ens, and melt^ without affuming the form of a 
globule. When cold, it prefents an opaque 
frit ; rough, or rarefied, like the hor^ pf a ftag^ 
Recording to the expreffipn of Layoifier, of an 
obfcure green colour, and fufficiently hard to 
j:park glafe, Buining-glaffes do npt produce 
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the fame efFeds. When alumine is expofed to 
the ftrong fire of a furnace, after being pro 
vioufly moiftehed, or reduced to a pafte, it gra>- 
dually lofes the water it contained, contra6ls in 
its dimenfions, dries, foftens, and undergoes a 
■femi-vitrification. When cold, it is found to 
have acquired a hardnefe and aggregation much 
ftronger than before. It feems to have affumed 
the chamfter of filex, .fince it becomes capable 
of giving fire with the fteel ; but its nature is 
not changed. This property of flirinking and 
hardening, which is termed baking, is the bafis 
of the art of Tarious potteiies. 

8. Oxig^n and azote have no a6lion upon 
alumine, neither does it, in any refpe6i:, a6l upon 
thefe two bodies in the ftate of gas, nor upon 
the ^tmofpheric air from which it feizes only 
a fmall portion of water, when itfelf is very dry, 
and, in a courfe of time, it alfo takes up car- 
bonic acicL 

« 

9. Ther^ k no kjiown aftion between hidror 
gen and alumine. Hidrogen gas is neither ab- 
sorbed nor altered by this earth. It has little 
afl^ion, and contracts no union with phofphorus. 
It does not unite with fulphur except when thefe 
two bodies are in conta<5l, and minutely di- 
vided; a« when the fulphate of alumine is de- 
compofed by charcoal, and fulphuret of alumine 
is then formed, which may be immediately made 
by uniting fulphur and this earth, either in the 
dry or in the humid way. The remarkable pro- 
perties of this fulphuret, which fpontaneoufly 
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takes fire by expofure to the air, and is called 
pyrophorus, when it contains pot-aih and car- 
bon in a very divided ftate, will be explained 
in the hiftory of the alum which is ufed to form 
it. 

10. Carbon, the diamond, and the other me- 
tals, do not appear fufceptible of uniting direct- 
ly with alumine. We find, however, that car- 
bon is combined with this earth in a confiderablfe 
number of bituminous foflils. This natural 
compound comprehends the pit-coals, which are 
dry, not fufible, and do not afford oil by diftil- 
latidn, and which are carefully diftinguiflied 
from the true pit-coal by their properties. 
They are not fimple and pure combinations 
of alumine and carbon, for they alio contain 
filex, iron, and other fubftances ; they are called 
^.nthracites. 

1 1 . Alumine has much more attraftion for 
the oxides and, acids than filex : it exerts a very 
ftrong action upon water: when this earth is dry 
it rapidly abforbs liquid water, and fuffers it to 
penetrate into its pores, until they are in a cer- 
tain refpeQ; faturated. . If more be added, the 
earth becomes foft, pafty, and du6lile : in this 
ftate, it may be kneaded, moulded, turned, or 
fafliioned into .any defired form, which pro- 
perties conftitute the bafis of all the arts of pot- 
tery. A portion of this water, Ayhich has been 
mixed with alumine to form the pafle, efcapes, 
and flies off in the air, the pieces which were at 
firft foft, become dry and friable : if the drying 
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hetoompidj the alttmine cracks, fplits, fqja- 
rates into leaves, or is divided into a kind of 
prifrns analogous to bafaites. In the baking of 
the paftes of clay, even when the fire is not 
urged beyond the temperature of ignition for 
filver, alumine lofes 0,46 of its weight, whence 
it follows, that it contains neaY half its weight 
of wat(5r. For cheinifts know that thb ^artl^ 
even when long kept in a ftate of ignition, does 
not part with the leaft portion ^f earth but with 
gveat difficulty. The hardnefs it contraOs by 
baking, may be attributed to the cottdenfatioa 
of its part^, owing to the volatilizatiQn of the 
water, and even the commenc^ement of vitrifi- 
cation M'hicJi it undergoes. 

12. When a pafte of ajumine, faturated with 
water, is put at the bottom of this liquid, it retain* 
it and prevents it flowing throug*^h it$ pores. 
Such is the fimple theory of the waters which 
are detained in fubteiraneous cavities, and af- 
terwards flow out of the' earth in the form of 
fprings; and fuch alfo is the caufe of the effect 
of clay in fecuring the bottoms of ponds, in 
which water is intended to be retained. Some 
chemifts have thought that alumine was natu- 
rally foluble in water, and have admitted it as 
a principle in certain mineral Avatcrs. Berg- 
mann, whofe accuracy is well known, obferves 
that the clay, which exifts in waters, always 
renders them more or lefs turbid. It is confe- 
^uently lefs foluble than filex. It never fonns 
a jelly with water like tliis laft earth, nor prcr 
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fents nativp tranfparent cryftals fimilar tothofe 
offilex, 

. 13. Alvniiine is ©f all the earths that which 
has; the ftronsreft attraftion for the metallic 
oxides. By a ftrong fire it melts with them* 
into vitreous frits, more or lefs coloured ; fuch 
ire the coverings of fome of the ci>mmon pot- 
teries. In die humid way the union of alumine 
^with the metallic oxides is made with fo mucfr 
fecxlity, that remarkable and very durable com- 
binations are thus obtained. N^iture prefents*^ 
many of thefe compounds made by means of 
water: , the ochres are all of this claft. Arf 
continually employs them, either in oil colpurs 
' or in crayons, or in the art of dyeing, as will be 
fliawa hei^eafter^ The attraction of alumine for 
the metallic oxides is fuch, that when once unit- 
ed with tliefe bodies, even in the humid way, it 
defends tiiem from the attraQ:ions of which 
they would be capable, more particularly from 
that of the unburaing by light, or more ad- 
vanced oxidation by the contaft of air. 

149. There is no acid with which alumine is 
not capable of uniting. It forms with them, 
falts, Ibme of which are foluble and cryftal-- 
lizable ; moft of tliem are infoluble, and feveral' 
affume an excefs of acid, though the degrees 
af attraction of this falifiable bafe for the feve-» 
ral aoids* are' yet but imperfeClly known. It is 
nevbrthelefs known, that the fulphuric acid 
adheres the mod ftrongly of any ; and that the 
lOitric' acid after wardi^ folloM s^ and then the 
i ^ nxuriatic. 



muriatic. With refpecb to the others, partifcu- 
larly the phofphoric and fluoric acids, their at- 
traftion fdr alumine is not exa6lly known. 
The boracic and carbonic acids combme the 
moft difficultly, and adhere the leaft to it of 
any. 

15. Alumine has a marked attraftion fof 
filex, and combines more or lefs with it by all 
the known proceffes. In the humid way thefe 
two earths contra6fc an adherence which con- 
Be6i;s them together, and forms a kind of mor- 
tar capable of hardening and becoming little 
alterable by the air. The addition of the me- 
tallic oxides increafes. the hardnefs of thefe ce^ 
ments ftill m6re. It appears that the .bafis.of 
the precious flones or gems in cryftals, is a 
fimilar compound. In the dry way, alumine 
united to filex melts eafily and forms an opaque 
glafs. An elevated temperature, and fuch a 
proportion of the materials is required, that the 
alumine fli all form at leaft half the compound. 
All the hard potteries are mere compounds of 
alumine and filex;' of which the dofes are fo 
proportioned that the former does not predomi- 
nate: without which condition the potteries, 
being more or lefs fufible, would affume in their 
baking the vitreous chara6ler which they are 
not required to have. By varying the propor- 
tions of thefe two fubftances, potteries of va- 
riable hardnefs are fabricated ; inore or left 
fufceptible of vitrification and unchangeable- 
nefs, (ind more or lefs capable of fupporting. 
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fud'den alterations of temperature, and refilling 
the aftion of a violent fire. 

16. An attention to the fl:udy of alumine 
has fingularly contributed to the advancement 
of chemiliry, and the improvement of the che- 
mical arts. It has been more particularly ad- 
vantageous to the perfedion of pottery ; and 
the induftrious Wedo;wood is indebted to this 
kind of refearch for the improvements he has 
made in his manufa6lure of the different kinds 
of baked earths. This manufadurer, >yho was. 
a fkilful pholofopher, has availed himfelf of the 
contraction of alumine during its baking, to 
conftru6l a k4nd of pyrometer^ or thermometer, 
which marks, with confiderable exaftnefs, the 
degrees of heat which the dilatation of liquids 
can.no longer indicate, on account of the aeri- 
form ftate which the elevated temperature pro- 
duces in fuch bodies. Several chemical veflels 
alfo depend on the ufe of alumine in the dif- 
ferent mixtures of pottery for their perfe6lion. 
The hifl:ory of our knowledge acquired refpe£t- 
ing alumine is, therefore, connected with that of 
the progrefs of the arts; from the Etrufcani^ 
and the Chincfe down to the fine French porce- 
lains ; as it is alfo to the progrefs of information 
from the ancient obfervation of the diminution 
of bulk in baked bricks, to the modern ufe of 
the pyrometric pieces of Wedgwood. 

17, The ufes of alumine may be confidered 
with regard to its natural fituations, and alfo' to 
its a|)plications in the arts. They are no lelk 
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multiplied in the proceffes of the former, thai! 
in the experiments of the latter. ' Alumine ptt* 
fides over a great number of natural phenome- 
na. Formed, as it fhould appear, in the bofora 
of the ocean by a combination and mechanifm 
which are equally unknown to philofophers ;— * 
depofited in horizontal; or inclined ftrata, or 
even in particular maffes, it conftitutes part of 
the mountains: it is fometimes found in thef 
clefts of rocks ; it moft frequently compofes th^ 
muddy foil of vallies, and humrd low marfhy 
{plains: it is found at the bottom of lakes and 
fyrings. This fubftance prevents the filtration 
of fubterraneous waters, and is the caufe of thofe 
i5>rings wliich iflue from the furface of the globe, 
and the maflcs of water which fill its cavities* 
When mixed with a greater or lefs quantity of 
filex, lime, bitumen, fulphuret, and metallic ox- 
ides, when fcoloured with different fhades, more 
or lefs fine, foft, du<5tile,- dry, friable, foliated, 
it produces the fat earths, fullers' earth, boles, 
and other clafTes ufed in fcouring, &c* The 
folid, compafii:, tenacious earths, which are com-* 
monly called arable foils, are in great part 
compofed of this earth. It enters into the 
fchifti, flates, fteatites, afljefti, ferpentines, and 
even the hardeft; gems. It is one of thofe ma-« 
terials which are mofl; frequently employed by 
Nature in the formation of foflils. 

1 8. Art, by imitating the proceffes of Nature^ 
has fingularly multiplied the ufes of this earths 
When pure, and extrat^led by chemical me^ns, 
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it IS only ufed in the laboratories of experiments 
for the cbmpofition of falts for earthy mixtures, 
and for the fabrication of t^e thermometric cy- 
linders of Wedgwood. ^ When more or itfs 
mixed, foftened, purified, macerated in water, 
and ground, it forms the bafis of all potteries 
from bricks and garden pots, to the moft.va* 
luabie porcelains. It is ufed to fecure the bot- 
toms of ponds and canals, in which water is in* 
tended to be retained and preferved. It is mix- 
ed .with the lighter lean earths, to counteraft 
the effeSs of too much fand and chalk, which 
injure their confifteiice, and prevent their re- 
taining water fufficiently to fupport the vegeta- 
tion of ufeful plants. This earth is ufed to co- 
lour and whiten ftuifs, as well as to take out 
fpots of greafe, and it is one of the moft ufeful 
ingredients in cements. When expofed to the 
vapour of burning fulphur it abforbs the ful- 
phureous acid, and becomes converted into ar- 
tificial alum, in the modern chemical manufac- 
tories. When ftrongly heated with various falts 
in a proper apparatus, it eifefts their decompofi- 
tions, and feparates their principles. When ap- 
plied in a fufficiently diluted ftate upon glafs, 
and various veflels, it forms a coveting of lute 
which refills the fire, and defends them from its 
too ftrong, or fudden aftion. By kneading, of 
beating with boiled linfeed only, it becomes 
coiiverted into fat lute, which is ufed to ftop 
the junftures of earthen, or glafs veflels. It U 
ufed to retain, or fallen the covers of crucibles 
Vol. IL P and 
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and to clofe or flop the cavities of the joints 
of furnaces, &c. It is alfo employed, with 
much advantage^ in the conftruftion of ovens, 
in large furnaces, in chemical workfliops, 
and extemporaneous furnaces, of which the 
form and dimenfions may be eafily varied. 
Laftly, the fame natural compounds, of which 
it conftitutes a part, ferve to give a fin6 edge to. 
inftruments of the firft neceiTity, a foftnefs, and 
fmoothnefs which rencjers their ufe moJFC con^ 
venie.nt, and their adlion more moderate- 
Hence it may be concluded, that there is no 
fubftancc more ufeful to fociety than alumine. 



Article IV. 

Concerning Zirconc, 

1. ZIRCONE is named from one of the deno- 
minations of the jargon of Ceylon, a kind of cryf- 
tallized ftone refembling the diamond, which 
is found in this ifland, from which Mr. Klaproth, 
chemift, of Berlin, extrafted this earth before the 
year 1793, the epocha of another fimilar dif- 
covery, which will be mentioned in one of the 
following articles. The remarkable properties 
which prefented themfelves to him in the ana- 
lyfis of the jargon, induced him to confiderit 
as very different from every other earth. Soon 
afterwards, he found it in the oriental hyacintk 

Citizen 
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Citizen Guiton has extrafted it from the hya- 
cinths of the brook of Expailly, in France. Citi- 
zen Vauquehn has obtained it abundantly frouL, 
that ftone which was formerly placed in collec- 
tions of the Materia Medica, to be ufed in 
fome pharmaceutic compofitions. 

2. To extra6lzircone from thefe ftones; after 
having pulverized them in a mortar qf (ilex, 
and fufed them in a crucible of filvcr, with five 
or _fix| times their weight of pure pot-afh, the 
fufed:«iafs is treated with water, which diffolves 
the g^lkali without touching the zjrcone, mixed 
with filex, with which it was combined before 
the fufion. The remainder of this lixivium is 
afterwards diffolved by the muriatic acid, which 
is heated in order to feparate the filex by fpon- 
taneous depofition, and from which the zircone 
is afterwards precipitated by caufl;ic fixed alkali. 
When no further depofition is produced by 
heat, the precipitate, which is the pure zircone, 
is then wellwafhed with water. It may alfo be 
obtained by decompofing by fire, the muriatic 
folution of zucone, made with the jargon, or 
hyacinth, fufed with pot-alh, and lixiviated. 

3. Zircone thus prepared, is a fine white pow- 
der, almoft foft under the finger when rubbed ; 
taftelefs, and without fmell. When it retains a 
certain quantity^ of water between its particles, 
it affumes the form of a femi-tranfparent jelly 
of a white colour refembling horn. This h 
njerely a fadlitious, tranfient, and accidental 
difpbfition. The fpecific gravity of this earth, 

P 2 when 
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when its particles are united again by Aggre- 
gation amounts to 4300. 

4. Light has no adion upon zircone. ' Ca- 
loric caufes it to undergo fome change in pe- 
culiar circumftances only. Thus when heated 
with the blow-pipe, it remains infufible, and 
emits a phofphoric yellowifli light ; but when 
it is heated in a crucible of charcoal, bedded in 
charcoal powder, and placed in a crucible of 
earth, expofed to a good forge fire for fome 
hours, it undergoes a pafty fufion, fufficient only 
to caufe its particles to come together without 
lofing their tranfparency, and without acquiring 
a truly vitreous fonn. In this ftate it is con- 
traded, extremely hard, gives fire with the 
fteel, has a flightly brilliant, vitreous fra6lure, or 
rather refembles porcelain in that refpeft, eafily 
marking and cutting glafs, and of a grey flate- 
colour to its centre. And, in this ftate, it has 
the fpecific gravity before mentioned. 

5. Zircone has no attraSion for oxigen, nor 
azote, neither does it a6l on the one or the other 
of thefe bodies in the ftate of gas, whether fe- 
parately, or when they form atmofpheric air by 
their mixture. It does not perceptibly a6l upon 
the water, nor carbonic acid of tlie air. - 

6. The aftion of zircone upon hidrogen, car- 
bon, phofphorus, fulphur, the diamond, and the 
metals, is abfolutely none ; but when it is heat- 
ed in the midft of charcoal, it retains a portion 
which adhered to its furface, and colours it. 
When rubbed on metals, it fcratches and wears 

• their 



ZtRCONE. 213 

their furface on account of the hardnefs of its 
particles. 

7. Zircone is infoluble in water, but it con* 
tra6J:s a remarkable adherence with it like (ilex, 
and then forms a tranfparent jelly. When dried 
at the temperature of ignition of filver, that is 
to fay, in a crucible of this metal made red-hot, 
it is found to lofe 0,37 of its weight; confe*- 
quently it retained, between its particles, more 
than one-third part of its weight of water ; 
though when once dried in the pulverulent form, 
it becomes entirely infoluble. After ignition 
in a crucible in order to dry it ftrongly, fircone 
is found to have loft its whitenefs, and to become 
grey and hard, crackling bet^Veen the teeth, 
and is much lefs eafily foluble in acids, 

8, Though the adlion of this newly-difcover-^ 
cd earth upon the metallic oxides is ftill little 
known, it has already been feen that it is fimi-^ 
lar to the adion of filex, which it refembles in 
this property, us well as in feveral others^ 

g. It unites with all the acids, and forms with 
them falts which will be examined in the follow- 
ing fe6iion. We m«ft here note, as general pro* 
perties of its faline combinations, tlmt the falts 
which it forms, with the fulphuric, phofphoric, 
and carbonic acids, arfe infoluble. The order of 
its affinities fo*^ the acids has not < been exaftly 
determined. It appears greatly to'refemble that 
of klumine. Il has already been obferved that 
mrcone,- hardened in fire, or fufed in charcoal, 
is much lefs, or not at all foluble in acids. 

10, NotwitK- 
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10. Notwithstanding the few refearches 
which have yet been made refpecling zircone, 
it has been discovered that it may be fufed with 
filex, and even with alumine ; and that a Tnix-* 
ture of thefe three earths is ftill more fufcepti* 
ble of becoming foft before the blow-pipe, than 
any two taken together. We ihall fee that this 
is a general fa6l with regard to the mutual 
action of all the earths with each other. 

1 1. The properties of zircone refemble filex 
in certain refpeds. The fame hardnefs of par- 
ticles is obfervable in both, the fame infipidity, 
the fame want of odour, the fame infolubility 
in water, and the fame tendency to ddherie to 
f;hat fluid, or retain it, in a very attenuated 
ftate. On the other hand zircone diflfers from 
it by its fpecific gravity, which is greater than 
that of file^^, its imperfedl fufxbility in the midft 
of charcoal, its folubility in acids, which is fo 
piuch greater than that of filex, that a folution 
of both earths in the muriatic acid, lets fall the 
filex by evaporation, and retains the zircone, 

12. Another ftill more ftriking difference 
than the foregoing, is the manner in which zir-? 
cone ]s a6led upon by the alkalis. This difr 
ference ferves, befides, to diftinguifh it from 
alumine. Being totally infoluble in the fixed 
alkalis, it differs greatly from filex ift this re- 
fpeft, which is very foluble, and from alunaine, 
which contra6l5 a ftill more intimate union 
with thefe bodies than filex^ as will be Ihown in 
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the following articles in the details relative to 
thefe alkaline combinations. 

13. The falts which it forms with the acids, 
eftablilh ftill greater differences between filex, 
alumine, and zircone. Its attraAions for thefe 
bodies likewife follow another order than thofq 
of the two former earthly bafes. They afford 
characters fufficient to diftinguifh zircone from 
every other body, and it is in faft from the 
confideration of the whole of thefe properties 
that Mr. Klaproth has admitted it to be a pecu- 
liar earth. The whole of thefe confiderations 
will be given in the feftion of falts. 

14. Zircone has not yet been applied to any 
ufe. It will, no doubt, hereafter become ufeful 
either in chemical analyfes, or the procefTes of 
the arts. But in that cafe we muft firft fuc«» 
ceed in finding it in greater abundance, and 
alfo in the difcovery of more fimple and econo'* 
mical procefTes than any yet known, to extradl 
it from the flony compounds in which it is 
contained. 



Article V. 



Concerning Glucine, 



1. GLUCINE is anew earth, difcovered dur- 
ing the winter of the year 6, of the French re- 
public, by Citizen Vauqueliu, firft in the aqua 

marine 
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marine or beryl, ajid afterwards in the emeraJd, 
The occafion of thefe difcoveries was the exad 
and comparative analyfis of thefe two ilone3, 
made with great care by that chemift, on tjie 
invitation of Citizen Haiiy, who having diO 
covered a perfed; conformity between them, as 
to ftru^ure, hardnefs, and fpecific gravity; and 
fufpeding that they might contain the lamd 
principles, defired that fkilful chemift to aiJcer^ 
tain the truth, by comparative analyfis, Wt 
are, therefore, in a certain refpefl; indebted to 
geometry for the origin of this difeovery. That 
fciejice afforded the firft notion, and we may 
affirm, that without it3 co-operation, the knowr 
ledge of this new earth would not for a long 
time have been acquired, fince, according to the 
analyfis of the emerald, by Klaproth, and that 
of the beryl by Bindheim, the examination 
would not probably have been recommended, 
but in coiifequence of the ftrong analogy or 
identity nearly perfed, which Citizen Haiiy 
found in the geometric properties pf thefe two 
ftony foffils. 

2. Tl>e firft notion of the exiftenqe and par^ 
ticular nature of glucine, occurred to Citizen 
Vauquelin from the manner in which this fub- 
ftance is (^hanged by re-agents ; its lefs effectual 
folution in pot-aih than that of alumine, with 
Avhich it was confounded by MelTrs. Bindheim 
and Klaproth, and even by Vauquelin himfelf. 
Obferving that a portion of the fuppofed alu- 
mine, ej^tra(5ted from the beryl, prefented rer 

fult« 
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fiilts diiFcrent from thofe which that earth 
ufually offers in its treatment, he examined this 
portion with jtnuch care, and afcertained by 
numerous experiments that it truly differs from 
ulumine, which it refembles ; and aMb from the 
other earths, which it refembles much lefs. No 
doubt could remain with him refpefting thefe 
differences, and confequently its peculiar exift- 
jBnce^ becaufe thi^ earth treated with the acids, 
the alkalis, ^jud the various falts, has cotl^ 
ftantly. exhibited diftinftive characters; and 
becaufe he has found its attractions in parti* 
cular to be very different from thofe of the 
other earths, * efpecially from alumine, with 
which it was found mixed and confounded, 
in the analyfis hitherto made of the beryl, the 
emerald^ and probably even the other ftones in 
which '■ tb^r^ is alfo :reafon to fufpeCl its exift* 

ence. 

9; Among the fpecific and chara6ieriftic pro^ 
perties of this new earth, difcovered by Citizeii 
Vauqueiin, that which has appeared the moft 
capable of diftinguifliing it, being the faccha^ 
rine taftp which it gives to its combinations 
^vith the acids, we have concluded, in confe-* 
quence of a difcuffioh between Citizen Vau-- 
quelin, Guiton, Chaptal, and myfelf, refpeding 
the name it ought to receive,, that the word 
glucine, derived from the Greek words yxuxuf 
fweet,' yxuiti) fweet wine, yXu>ta»vgiv, to render 
fweet, is moft appropriate. This determination 
appeared to us well calculated to affift the 

meinory 



218 GLUCINE. 

memory, by recalling that property in which it 
fenfibly differs from ail the other earths. We 
have fuppofed that without prefenting notions 
falfely conclufive, as would have been the cafe 
if we had derived its name from the ftone 
which afforded the firfl produd, or the place 
whence it was obtained, it could not aflTume, in 
its etymology, a fenfe too flriftly determinate, 
and that we fhould by this proceeding confine 
ourfelves to principles of nomenclature, no 
lefs fuited to advance the fcience than to facili-* 
tate its ftudy, 

4. As it is more particularly from the pro- 
perty of not forming alum with the fulphuric 
acid and pot-afh, as alumine does ; and alfo by 
that of its folubility in the liquid carbonate of 
ammonia, which alumine does not poffefs, that 
Citizen Vauquelin has admitted giucine to be 
a particular earth, different from thefe lafl; he 
more particularly availed himfelf of thefe two 
proceffes to feparate giucine from the other 
earths with which iCis combined in the flones 
hitherto found to contain it. Accordingly he 
takes 100 parts of beryl or emerald, and re- 
duces it to fine powder, in a mortar of filex. 
Tliefe are fufed in a filver crucible, with 300 
parts of cauflic pot-afh ; the fufed mafs is dif-^ 
fufed in diftilled water, and the whole dilTolved 
in inuriatic acid. The folution is then eva- 
porated, taking care to ftir it towards the end 
of the evaporation. The refidue is in the itf xt 
place mixed with a large quantity of water, and 

filtered ; 
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filtered ; in confequence of which the filex 
is feparated and obtained apart. The filtered 
liquor, which contains the muriates of alumine 
and of glucine, is precipitated by the carbo- 
nate of pot-afli ; this precipitate is well wafljed 
and diffolved in the fulphuric acid. To the 
iblution is added a certain quantity of fulphate 
of pot-a(h, and the cryftallized alumine is ob-' 
tained by evaporation^ When by a new addi- 
tion of fulphate of pot-a{h and renewed evapo- 
ration, the fluid no longer affords alum ; the 
folution of the carbonate of ammonia is to be 
added in excefs, and the whole ftrongly iliaken. 
The glucine after having fallen down, become3 
diflblved by means of the excefs of this fait, 
^nd the fmall quantity of alumine which might 
be mixed with it, yemains precipitated without 
iblution. After feveral hours, when it is found 
that by the new addition of carbonate of am- 
monia, and agitation, the aluminous precipitate 
iuifers no further lofs of its volume, the liquid 
is filtered, and boiled in a glafs body or capfule 
pf porcelain. In proportion a3 the carbonate 
evaporates, a white granulated powder falU 
down, which is the carbonate of glucine, and 
from which the carbonic acid is eafily feparated 
Jby. flight ignition in a crucible. By this means 
the pure glucine is obtained, in the proportion 
of 15 or 16 per cent, of the beryl or emerald 
^lade ufe of. This procefs may be hereafter 
employed to afcertain the exiftence of glucine 
\n other ftpnes, in which it is probable that it 

accompanies 
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accompanies filex and alumine, and by that 
'means to difcover a method of procuring a 
greater quantity than that which Citizen Vau- 
quelin has extra^ed from the two ftony foflils 
"here mentioned, which befides are very fcarce 
and coftly. 

5. Glucine prepared by the foregoing pro- 
eefs, has the form of a powder, or white frag* 
ments, light, foft under the touch, infipid and 
adhefive to the tongue. It is perfeftly apyrous 
and infufible by fire, and neither flirinks nor 
hardens like alumine. Its fpecific gravity is 
not yet known, nor is it capable of changing 
blue vegetable colours. 

6. Though the means of afcertaining its pro- 
perties with accuracy have hitherto been few, 
it appears to follow from the experiments to 
which it has been fubje6led, that it is un* 
changeable by oxigen gas and azote gas ; that 
it undergoes no alteration in the air, and does 
not perceptibly abforb moifture or carbonic 
acid. 

7. We are not acquainted with any union 
between glucine, hidrogen, carbon, phofphorus, 
or fulphur. It is not capable of uniting with 
any combuftible body but fulphurated hidro* 
gen. When this body, in the ftate of gas, is 
paffed into water in which glucine is fufpended, 
the earth is diffolved, and forms an hidro^fuU 
iphuret, of which the properties are fimilar to 
thofe of many compounds of the fame na- 
ture^ which will be d^fcribed in the following 

articles. 
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articles. We fhall likewife obferve, that when 
the fulphate of glucinc is decompofed by car- 
bon, a fimilar combination is obtained. ITiis 
property of forming an hidro-fulphuret likewife 
conftitutes a difference between this earth and 
the preceding, and affimilates if to the alka- 
line earths, which we ihall examine in the fol- 
lowing articles. 

8. Glucine is infoluble in water, but it 
forms with this liquid in a fmall quantity, a 
pafte (lightly dudlile, which is neither fo fmooth 
nor tenacious as that of alumine, and is, not 
fufceptible of induration by heat. Its a6lion 
upon the metallic oxides, as well as that which 
it may, have upon the burned bodies, is yet 
unknown. 

9. It eafily unites with all the acids, and 
forms with moft of them foluble faccharine 
falts, (lightly aflringent, and difficultly cry- 
ftallizable. Its attraftions for thefe bodies ap- 
pear to hold the following order: fulphuric 
acid, nitric acid, muriatic acid, phofphoric 
acid, fluoric acid, boracic acid, and carbonic 
acid. This is the order which moft of the 
earthy bafes follow which are fufceptible of 
combining with thefe compounds. 

1 0. The order of the attra6lions for the acids, 
compared with that of different earthy and al- 
kaline bafes, appears to be fuch, that it yields 
its place to all thofe bafes, if we except alu- 
mine, zircone, and filex ; (b that its fafts are 
decompofed by all the others, and it decompofes 

only 
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only thofe which are formed by th6 acids witli 
thefe three laft earths* We muft obferve, that 
in order to obtain the falts of glucine in a ftat^ 
of purity, and to clear them from a fmall por-* 
tion of oxide of iron or of chrome, which they 
often retain in confequence of the exiftence of 
thefe two metallic colouring matters in the 
beryl and the emerald, from which the glucine 
is extra6led, Citizen Vaiiquelin haa fuccefs- 
fully ufed the alkaline hidro-fulphuret, a com* 
pound, which will be defcribed hereafter, and 
which has the property of precipitating the 
metallic oxides without afFe6i;ing the glucine. 
The hidro-fulphurated alkali muft be well fa* 
turated, in order that it may not feparate the 
earth, at the fame time that it throws down one 
or the other of the oxides, which changes and 
colours the falts. < 

11. In order to charaderife the glucine in a 
proper manner, and to prove its diiFerence 
from all the other earthy fubftaiices, particu- 
larly alumine, I fhall add, though 1 have not 
ufually mentioned thefe properties under the 
articles of the bafes, that the falts of this earth 
are precipitated by the nut-gall, but not by 
the oxalates, the tartrites, and the foluble pruf* 
fiates, nor by the well -fat urated hidro-fulphu- 
rets ; whereas the aluminous falts are ftrongly 
precipitated by the latter; that the precipitate 
which they form with the alkalis, is totally 
foluble in the carbonate of ammonia, whereas 
that of every other earth is not. 

12. Nothing 



1^. Nothing is yet known refpeding the 
mutual re-a6lion of this earth and the three 
preceding. It is not known, whether glucine 
afts as a flux to the other earths, nor wjiether 
thofe earths can a6l in that manner with the 
prefent. 

13. Citizen Vauquelin, after having exhi- 
bited the preceding details, as well as feveral 
others, which will be given hereaifter, refpett- 
ing the combinations of glucine, prefents as 
the fpecific characters of the earth, the fix fol- 
lowing properties, which are not found in any 
of the five other known earthy fubftances. 

A. Formation of faccliarine and (lightly 
aftringent falts with the acids. 

B. Solubility in the fulphuric acid with 
flight excefs. 

C. Decompofition of the aluminous falts 
from which it feparates the earth when it is 
boiled in their folutions. 

D. Complete precipitation of its falts, by 
ammonia. 

E. Total folution by the liquid carbonate 
of ammonia. 

F. Attraftion for the acids holding the 
mean between magnefia, which feparates it, and 
alumine, which it precipitates. 

14. This earth has been known too fliort a 
time, and has yet been obtained in quantities 
too fmall for it^ to be applied to any ufeful 
purpofe, or even for it to be poffible to indi* 
jcgte fuch a purpofe, 

Citizen 
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Citizen- Vauquelin thinks that^hcn it &all 
hereafter be more abundantly obtained^ it may' 
be applied to many ufeful purp6fes in che- 
miftry, the arts, and medicine; he thinks i 
probable it may ferve as a mordant for dyein 
like alumine, on account of the confiderabl 
attra6lron which it has already prefented, in his 
experiments, for vegetable and animal colouriirgr 
fubftances. The faccharine and lightly aftrin- 
gent tafte of its faline combinations, leads him 
to fufpe6t that it may poffefs certain falutaiy 
properties with regard to the animal economy, 
and that in this refpe6l it may become one of 
•the mod agreeable medicines which can be 
ufed. 



Article VI. 

Concerning Magnejia. 

\. THE name of magnefia, the firft and the 
weakeft of the alkaline earths, has long been 
adopted to denote a falifiable bafe, w|ii<:h was 
originally confounded with others under the 
general name of abforbent earths. This word, 
evidently derived from the magnet, was no 
doubt given to denote certain imaginary vir- 
tues of this wrth. Without ufing it for any 
purpofe of this kind, the term has been con- 
tinued to defignate this earthy bafis, and no 

attempt 
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attempt has even been made to fubftitufe alio-* 
ther. The term's muriatic earth have been pro-^ 
pofed, becaufe it abounds in the waters of the 
fea, but this name would have created confti- 
lion when apphed at the fame time to an acid^ 
and a bafe. It has often been called the earth 
of Epfom fait, becaufe it forms part of the fait 
long diftinguifhed by that name. 

2. A Roman canon was the firft who fold this 
earth as a fecret medicine, at the commence- 
ment of the eighteenth century, under the name 
of white magnefia, or powder of the Count of 
Palma. Valentini difcovered in 1707, that this 
powder, boafted as a panacea, was the produft 
of the mother water of calcined nitre. He call- 
ed it the laxative polychreft powder. In 1709, 
Slevoght defcribed the method of obtaining it 
by precipitation. Lancifi, and Frederic Hoff- 
man afterwards fpoke of it, the firft in 1717, and 
the fecond in 1722. When it became more 
common in pharmacy, chemical phyficians con- 
founded it with calcareous, or abforbent earth, 
though Hoffman had already carefully diftin- 
guifhed them, by obferving that this laft forms 
an iiifipid and inert fait, w^ith the fulphuric 
acid, whereas magnefia affords a very bitter 
purgative fait, with the fame acid. Black was 
the firft who, in 1755, explained, in anextenfive 
and methodical manner, in the Memoirs of the 
Edinburgh Society of Medicine, the difference 
between.magnefia and lime. Margraff, in 1/59, 
publiflied another memoir, in which he men- 
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tions various chara6lers, by which, this earth 
may be diftinguiihed from every other. Mac* 
quer and Bucquet in France, infift much on the 
diftin^ive properties of magnefia, and its va- 
rious combinations. Laftly, Bergmann in 
1775, and Butini of Geneva, in 1779, publiihcd 
differtations which have left nothing to be de- 
fired refpeding this earthy bafe. 

3. Magnefia has never been found pure in 
nature. It exifts abundantly, but lefs however, 
as it iliould appear, than lime. It is combin- 
ed, like that earth, either with other earths in 
the pot-ftones, fteatites, albeftos, mica, and 
fchifti, Avhicb, on this account, have been 
named magnefian ftones, or in combination 
with the carbonic, fulphuric, and muriatic 
acids, &c. in the waters of the fea, the fait 
fprings, and other mineral water, and, in the 
mother water of nitre, and fea- fait. It parti- 
cularly accompanies marine productions. 

4. This earth is feparated from the faline fub- 
ftances which contain it, by precipitation, by 
pure alkalis, lime, barytes, &c. as will be more 
fully obferved under the article of falts. It has 
long been feparated particularly from the ful- 
phate of magnefia, called Epfom fait from the 
name of a fpring in England, of which the wa- 
ter is impregnated with it. It may be obtain- 
ed from all the fait waters in which nature has 
more or lefs abundantly placed the magnefian 
falts. After having precipitated it hot, and in 
much water, it is carefully wailied in cold and in 
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liot water itb carry off the adfee^mg^^ i^t .-Jtia 
alfo prepared, though in a ftWe of lefs v;purity, 
and nevet fufficiently pure for chemical iifesj by 
ftrongly calcmingfome felts which contain it^ 
Such waS' that which was fold under tjie name 
of white magnefia. It contains chalk ,and fo- 
reign falrne fubftan^ces. Notwithftanding the 
attentions of cheinifts, it is found mixed .witb.a 
fmall quantity of filex and of liiiie. In the'fijl# 
lowing fe6tion, we Ihall fhow how it may be ob* 
tained perfe6l;ly pure and exempt from every 
mixture. , . 

5. Magnefia, in a very pure ftate, is ufualiy iri 
form of white maffes, light, friable, and refem- 
bling flarch, or in a very fine, white, impalpable 
powder. . Its fpecific gravity is about 2,33 
according to Kirwan. Its tafte, which is very 
fenfible, is fomewhat fweetifli, and produces a 
particular fen fation which diftinguifhes it from 
every other. fubftance; this tafte is rather ftrong^ 
er on the ftomat^h and inteftines, where it ope- 
mtes as a weak purgative. It (lightly coriVerts 
the moft delicate blue vegetable colour, fuch as 
the flowers of mallows to a green. 

6. It tKndergoes no a6lion on the part of light; 
and is very little heated by the contaft of that 
fubilance, becaufe it refleds it almoft entireljt 
Under a white and confiderably intenfe colour; 
When expofed to a violent tire,, it does not melt 
aceojrdiiig to Citizen Darcet. Macquer has 6b- 
ferved, that it is equally infufible and unchang^* 
able in the focus of the great lens of the a<>it- 
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demy. Citizen Guiton had the fam^ refulf^ 
when he kept it for two hours in the ftrongeft 
heat of Macquer's furnace : he remarked, that 
it feparated from the crucible, and contraS;ed a 
little. By ftrong calcination^ it became finer, 
more friable, and white. Citizen Butini has 
iE^feierved that it contracts a little. Mr. Parker 
cxpofed a cube of magnefia reduced into apaile 
with water to the focus of his burning lens, and 
obferved it fuddenly contraft in all its dimen- 
fions ; a property funilar to that of alumine, but 
much lefs "evident in its eftefts. When heated 
in an earthen retort, it lofes only the fmall quan- 
tity of water it contains, and acquires a phof- 
phoric property, according to the remark of 
Citizen Tingry, of Geneva. When rapidly 
rubbed on a hot plate of iron in the dark, it 
emits a phofphoric light : a property which is 
frequent in white bodies that undergo little al- 
teration by fire. On a charcoal before the blow- 
pipe it remains unaltered, and merely gives to 
the flame, a^flight yellowifh colour. Magnefia 
is, therefore, one of the moil apyrous eartha^ 

7. There is no aftion, or perceptible attrac- 
tion, between oxigen, azote, and magnefia. 
This earth produces no effed on thofe two ga- 
feous fubftanees. By expofure to the atmo- 
fpliere, it attracts a fmall quantity of w^ater and 
carbonic acid with extreme ftownefs. 

In an experiment of Citizen Butini, half a 
gramme of magnefia, expofed for twa years to 
the air in a porcelain faucer, CQvcred with a 
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finalt [Japer acquired an increafe of one '^1 44 tit 
^rt of its weighty and was in no refpefl; ehang-r 
ed. ' • - ..■;.■•.■• 

8. No a6tion is obferved between niagnefkr 
and fome of the, combuftible bodies, and be^- 
tween this earth and others, the aftion is very 
little. There is no a6lion between it and Indro* 
gen gas, nor carbon, the diamond, an^ the 
metals. Phofphorus combines fo difficultilyV 
and info fmall a dofe, tliat we are not acquaint- 
jcd with phofphorated magnefia. This earth 
SiSts rather ftronger upon fulphur, with which it 
unites in a fmall proportion, either in the dry, 
or the humid way* When two parts of magnefia 
■and one of fulphur ai'e heated in a crucible, an 
orange yellow mafs is obtained merely 'aggluti- 
nated, and without fufion, veiy fparingly folu- 
-ble in water, that emits a little fulpliurated hi- 
<lrogen gas when moiftened, and is very eafily 
•decompofed by fire. A flight heat muft, there- 
fore, be ufed to obtain this fulphuret of magne- 
•^la ; becaufe a ftronger heat would fepaxate the 
-fulphur. It is not formed in 4:he humid way 
tmt mth difficulty, if two parts of magnefia, 
and one part of fulphur. in powder with twenty 
parts of water, tie heated on a fand bath, the 
fluidy becomesrof a pale yellow, but never red, 
nor orange colour;; flightly fetid, and very faa' 
from emitting the ftrong finell which charaftci^ 
izes the fulphurets, formed by the athcr alkali rib 
xarths, as we fliall fee in the following article*. 
JTery little of the fulphuret of magnefia is form*- 
. * ed 



ed in this manner ; the greateft part of the ful- 
phur and tnagncfian earth remains without 
combination. As it unites with very fmall por- 
tions at a time, it alfo produces very little ful- 
phurated hidrogen, fo that /the water which re^ 
tains it, emits fcai'cely any. The folid fulphu-* 
ret of magnefia is very fpeedily decompofed by 
the conta6l of the air ; fo that the attradion 
between this earth and fulphur may he con- 
cluded to be very weak. . It abforbs fulphurated 
hidrogen gas very fparingly, and accordingly 
the hydrorfulphuret of magnefia is uncertain or 
unknown, 

9. Magnefia is fo little foluble in water that 
we might almoft deny the exiftence of any attraC'- 
tion between thefe two bodies. It differs much 
from the other alkaline earths in this property. 
Citizen Butini found that water boiled with 
this fubfkince, and left for more than three 
months in conta6l with it, does not take up 
tnore than a 10,000th part. Mr. Eirwan fays, 
that about 7692 times its weight of water is re-^ 
quired to diffolve it at a temperature of ten de^^ 
grees. It is not, therefore, more foluble than 
fiJex and alumine. Notwithftanding this in^ 
folubility, magnefia forms a kind of pafte with 
water, and abforbs it very perceptibly; we 
BMght even affirm, that like alumine it has a 
greater tendency to render water folid, than it- 
felf to become liquefied with that fluid. It is 
tr^e that this property is much lefs evident than 
m alumiiie, and that the paile made with this 
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earth is brittle, harfli, and without du6lility. 
According to Bergniann 100 parts of magnefia, 
thrown into water, then taken out and dried, 
increafe in weight near one-fixth, or 18 parts 
in 100. Hence, we may conceive, why it hap- 
pens that water, which contains only a few 
particlea of magnefia, has no perceptible tafte, 
does not change the moft delicate blue colour, 
depofits nothing by expofure to the air, and 
•leaves fcarcely any trace of refidue after its eva- 
poration. . 

10. There is little attraftion between magne* 
fia and the metallic oxides. , Some of them, 
however, among the moft fufible, and the moft 
vitrifiable when treated by heat along with this 
€arth, abforb it in their f ufion, and affume the 
form of coloured enamels. 

11. Magnefia eafily combines witla all the - 
acids, and forms peculiar falts, different from 
thofe afforded by all the other bafes, whether 
by their cryftallization, their tafte^ their fo- 
lubihty, or the attradlions of their principles. 
The attra6lion of magnefia for the acids in ge-^ 
neral, is weaker than thdfe of barytes, lime, 
and ftrotitian. Jt is ftronger than thofe of filex, 
alunrine, zircone, and glucine. We fhall fee in 
the next feftion, that it follows with refpe^l to 
the different acids, the fame order of attraftion 
as the fisted alkalis. 

12.. Perfeftfy refra6lory and infufible alone, 
it enters difficultly into fufion with filex, and 
glumine, fingly taken, but, on the contrary, it 

flows 



232 MAGNESIA. 

floM'-s eafily when united with both thefe earths, 
and more efpecially when lime is added. It i& 
to this mixture of foreign earths, that we muft 
attribute the form of glafs, which Citizen Gui* 
ton obferved it to take in his early experiments, 
when he ufed impure magnefia ; and this alfo 
is the caufe of the commencement of fuiibility 
obferved by Bergmann. There is no reafoa to 
doubt, but that barytes and ftrontian would pro- 
duce, by their mixture with magnefia, filex,* 
and alumine, the fame effect as lime, and that 
they would favour, or decide the vitreous fufion 
of thefe united earths. For it is certain, that 
the more of earthy mixture there is in magne- 
fian compounds, and the more numerous the 
different earths, the more evident is their vitri-s 
fiability, and that we cannot reckon magnefia 
alone among the earths capable of truly deter- 
mining the fufion of the others. In this refpeft, 
it is very remote from barytes, flrontian, and 
lime, which earths may be ranged among the 
true and moft adive fluxes among the alkaline 
matters ; whereas magnefia in this property, as 
well as in all the others, has much lefs iritenfity. 
When it enters in a large proportion into vitri- 
fiable mixtures, it diminiflies their vitrifiability, 
and, in compounds already vitreous, it retards 
their fufion, and brings them to the^tate of ena- 
mels, or even porcelain, as will be fhown in the 
following articles, " 4 

1 3. Tlie intimate nature of magnefia is un- 
known like thofe of the preceding earths. No 

experiment 



MAGXESIA, 2S3 

experiment proves that it is a modification of 
any of thef^ earths. We only know, that it 
exifts very abundantly in the water of the fea, 
where it is, no doubt, formed, but we have no 
notion either of the principles that compofe it, 
nor the manner in which they are united. 

H. A knowledge of the properties of mag- 
nefia, has greatly attribute^ to the progrefs of 
chemiftry. It is often ufed for experiments in 
^hat fcieace. In medicine, it is ufed pure as a 
porredor of acids, or abforbent earth, and is a ' 
flight purgative. It is alfo ranked among the 
antifeptics, becaufe it defends flefh and the 
bile from putrefaction. It has particularly the 
greateft fuccefs in cafes of poifon by the con- 
centrated acids. It is given diffufed in water 
with^fugar. In pharmacy, it may be ufed, ac- 
cording to Bergmann, to diffolve or fufpend in 
water, camphor, opium, the refms, and gum 
refjns, as well as to form very valuable tinc- 
tures with dry vegetable matters. It is alfo 
ufed in the refclification of ether. It is fome- 
t;imes fo abundant in ftony compounds, that 
they are named magnefian ftones, and it like^ 
wife conftitutes, by its faline compounds, one 
pf the mineralizers of waters. 
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Article VII. 



Concerning Lime. 



1, Though the French word chau^v (Irnie 
' or calx) has long been ufed in chemiftry, to 
deilote feveral very different fubftatices, and 
might feem proper to embrace in its gfenerality, 
various matters which were thought to hare 
been formed by heat {qhaleur) of which the 
name is manifeftly the origin of the word 
{chaux) ; it is, neverthelefs, affigned in parti- 
cular, to the acrid and alkaline earth, which has 
alfo been named calcareous earth, abferbent 
earth, an ti -acid earth, quick lime. An error 
has long prevailed in the French language re- 
fpefting the import of the word chflu^v. It was 
applied to this earth, and alfo to the oxides of 
the metals, in which pretended properties were 
formerly admitted analogous to thofe of the 
calcareouis bafes. 

2. Lime was known and employed in the 
moft remote ages, and is one of the materials 
which men have poffeiTed from the higheft an- 
tiquity ; notwithftanding which, chemiftry did 
not begin to acquire accurate notions refpefting 
it till the middle of the 18th century. In the 
tirhe of Stahl, and towards the firft third part 
of that century, very little of its chara6lers and 

properties 



properties were known. This chemift beheld, 
in the union of lime an^ water, the formation 
x)f a fait by the combination of the earthy and 
aqueous elements, and formed no proper eftimate 
either of its alkaline nature, or its folubility in 
water. Long differtations were afterwards 
made on the pretended fait contained in Ume, 
which was regarded as a kind of faline embryo, 
Dufay firft evaporated lime-water in 1730, and 
imagined that he had, by that means, fepasated 
its fait. It was then thought that water, by 
diffplving this fait, was much ftronger after its 
firfl; application tp lime, than other waters that 
were afterwards ap{>Hed to the fame lime, 
wheiii^e the denomination of the 1ft, 2d, 3d, &c, 
lime-waters. Duhamel examined its combina- 
tions with feveraPacids in 1747. In 1752, Mac- 
quer, in his chemical theory, ftill taught the 
ideas of Stahl,. and it was not till 1755, that 
JBlach publiihed the firft accurate information 
i:efpe6iing lime, by exhibiting it as an alkaline 
earth, identical in all its parts ; exifting, with 
nil its properties, in natural compounds, and 
piore efpecially mafked, and rendered mild in 
chalk by the. carbonic acid, which was then 
called fixed air, of which it can be deprived by 
catlcination. Since this famous epocha, che- 
inifts, unanimoufly joining in fupport of the 
difcovery of Black, have not failed to multiply 
their accurate e:!j:periments on the properties of 
this ^^arth^ its attractions, and combinations, 

and 
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arid its hiftory being now well explained is no 
longer obfcure. ' 

3. Lime is found very abundantly in nature, , 
combined with various acids, forming the ftrata 
of mountains ; fometimes^ diflblved in water, 
and alfo conftituting one of the bafes of ftones. 
Sometimes it exifts pure, but in a lefs quantity, 
in the neighbourhood of violcanos, enveloped 
indeed, in ftones, which have defended it from 
the eontaft of the air, Wallerius affirms, that 
it is dra\vii up by th^ lead from the bottom of 
the fea on the coafts of Morocco. And it is alfo 
affirmed, that fome mineral waters hold it pure 
in a ftate of folution. This earth appears to be 
the moft abundant in the interior of the globe, 
and forms the greateft part in the comj)ofition of 
its feveral mafles. 

4. By art, it is ex traced in the way of calei* 
nation in an open fire from lime- ftones^. Thefe, 
in general, are compofed of carbonic acid, wa« 
ter, and lime. The two firft bodies^ are volati-^ 
lized, and exhale in the air by theaftion of fire, 
and the lime remains p^re; in this manner it 
is prepared for builders. Chemifts choofc the 
native carbonate of lime, pure and tranfparent ; 
they pulverize, and put it into good retorts of 
earth, or of iron, or in a guu-barrel, and caU 
cine it by a flrong heat. In this manner they 
obtain a much purer lime than tliat of the lime* 
burners, becaufe the compound, from which 
they feparate it, contains nothing for^gn to 

calcareous 



calckreoas'" earth. \We fliall refume tKis opera-' 
tion more at length, in the following fe6lidn. 

5. Lime thus extraftecl, has the ; form of a 
grey ftone, or fragments more or lefs pulveru- 
lent and white, of a varied coherence, . hot, 
acrid, urinous tafte, though lefs ftrong than: 
that of barytes and ftrontian, but much more 
fo than n^agnefia, and of the fpeciiic gravity 
S,300. It converts the fyrup of violets to a 
greeii, and renders its colour rather yellowilh. 
The acrid nature of lime, though it is not very 
cauftic, is fufficient, never thelefs, to redden and 
inflame the fkin, when it remains for fome time 
applied upon it. ' 

6. It undergoes no alteration from light, and 
when expofed to a ftrong heat it remains unal- 
terable without melting. Neverthelefs, it is 
foftened in the focus of a burning glafs. In a 
crucible of clay, it fufes on its edges at a very 
high temperature, but this happens by com- 
bining with the earth of the veffel. Before the 
blow-pipe it remains equally unaltered and in* 
fufible, however long and however ftrongly it is 
heated. Accordingly lime may be confidered 
as a fubftance completely apyrous. 

7» Lime has no attraction for oxigen, nor for 
azote; H abforbs neither of thefe bodies when 
in the gafeous form, neither does it take them 
from caloric nor the other bodies which con- 
tain them. The effects it undergoes in the air^ 
are confequently owing not to thofe principles, 
but to the water and carbonic acid mixed in 

the 



23S t t a t. 

the atiiiofplicrc. By ^xpofiite to the. air, tinte 
in the folid form fwells^ cracks, and breaks^ 
and becotnes flightly heated, falls into pcfvrder, 
and acquires a great increafe of volume, be* 
comes more heavy, and is Angularly divided; at 
the feme time that its colour becomes of a very 
pure white.. It is called the flaked lime, be-^ 
caufe after it ha^ once paffed to this flate^ it is 
BO longer quick-lime, but has lojft its property 
of, heatmg with water. Thefe phenomena are 
more fpeedy and evident as the air is more hu- 
mid. The water which is abfdrbed by the lime, 
dilates it fufficiently to break wooden veffels in 
which it is contained. In this ftate it is much 
lefs acrid than before. To reftore its firft ftate, 
itmuft be ft rongly heated, and in this opera- 
tion lofes nothing but its water. Thefe eifefts 
are alfo much lefs fpeedy and powerful in lime 
than in barytes and ftrontian, as we ihall foon 
obferve; and they prove, that the former has 
lefs tendency to unite with water, and give it 
folidity, than thefe two alkalis; Lime does 
not abforb the carbonic acid from the atmo- 
fpliere but with much time, and paffes to the 
ftate of carbonate with great difficulty. 

8. Lime has no aftion upon hidrog'en gas.; it 
does not take hidrogen from the compounds 
which contain it; it has little a6liou upon 
charcoal, the diamond, and the metals, but 
much upon phofphorus and fulphur. If phof- 
phorus be put m fmall fragments at the bot- 
tom of a tube of glafs clofed at one end, and 

four 
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four or five times its weight of lime in powder 
be placed upon it, fo that one-fourth of the ' 
tube fliall remain empty ; — if then that part of 
the tube containing the lime be heated by 
means of a furnace with open bars, through 
the bars of which the tube pafles, and after- 
wards that part of. the extremity where the 
phofphorus lies,- this fubftance becoming fufed 
and fublimed from the heated lime, fpeedily 
unites with it without difengaging itfelf, and 
efcaping to burn at its furface. The. whole 
mafs becomes agglutinated, fecms to melt and 
take the form of glafs, forming an homoge- 
neous compound, which when cold is folid, of 
a brown colour. It is the phofphoret of lime ; 
it has no fmell, is lefs fufible than the phof- 
pliorets of barytes and ftrontian ; it changes and 
breaks fpontaneoufly in the air, is infoluble in 
water, but is decompofed at the moment it 
touches the fluid ; it cracks, produces an ef- 
fervefcence, and difengages bubbles of phof- 
phorated hidrogen gas, which immediately 
take fire in the air. The fetid garlic fmell 
emitted by the phofphoret of lime when 
nioiftened, is owing to this gas. A portion of 
the fame gas, in proportion as it is formed by 
the (Jecompofition of the water, unites with 
the phofphorated lime, and forms an hidroge- 
nated phofphoret ; fo that the phofphoret taken 
out of the water and dried, burfts into flame 
when concentrated muriatic acid is poured 
upoa it, which diftngages phofphorated hidro- 
gen 
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gen. It is fufficient that the phofplioret ot 
Ihiie ihould be fomewhat moiftened by the 
air to produce even this flame in abunda(nc^ 
by the addition of the muriatic acid. It is 
alfo to this eafy decompofition of water by 
phofphorated lime, that the abundant produc- 
tion of phofphorated hidrogen gas is obtained, 
according to the procefs of Citizen Raymond, 
by heating in an earthen retort, with the pneii- 
mato-chemical apparatus, phofphorus and lime, 
ta which a fufficient quantity of water has 
been added to form a pafte. ' 

9. Sulphur unites very well with lime, and 
with different phenomena, according to the 
manner in which their combination is effe£led. 
When a mixture of thcfe two bodies well pul- 
verized is heated in^a crucible, it melts, or 
rather agglutinates into an acrid, reddilh, in- 
odorous, fufible mafs, decompofable by ftrong 
heat, from which the acids feparate the ful- 
phun It is the pure fulphurct of lime, which 
was called calcareous liver of fulphur. As 
foon as this compound is moiftened by the air, 
or by a fmall quantity of water, it changes its 
colour, becomes green and yellow, emits an 
extremely fetid fmell, affords fulphiirated-hi- 
drogen gas, and becomes hidrogenated fulphu- 
rct. When the fulphur and lime are united in 
the humid way, a fimple fulphuret is never 
formed, but always an hidrogenated fulphuret, 
on account of the water which is decompofed. 
This is prepared, cither by throwing water on 

very 
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very frcfh quicklime, covered with fulphurin 
J)Owder, in which cafe the heat of the extinc- 
tion €tfe6ls the combination ; or by heating in a 
nattras fulphur and lime in powder, and at leaft 
ten. times their weight of water; or otherwife, by 
heating lime water and fulphur. In the latter 
cafe, the quantity of fiilphuret is Very fmall, 
on account of the fmall quantity of lime which 
water can fufpend. In the Uvo firft, an orange 
or yellowilh-red fluid of a very fetid fmell, pe- 
netrating, bitter, and acrid, • is formed, in 
which the quantity of fulphur fufpended is 
equal to that of the lime. Thi? hidrogenated 
fulphuret of lime lofes its colour in the air, 
becomes gradually de^ompofed, and fpeedily 
abforbs oxigen to fuch a degree that it may be 
ufed for eudiometrical purpofes. The fulphur 
burns and becomes converted, fifft into ful- 
phureous acid, and afterwards into fulphuric 
acid. The acids decompofe it, precipitate the 
fulphur, and difengage hidrogenated fulphu-x 
i;ated gas. It decompofes many metallic ox- 
ides, and by caufing them to approach to the 
metallic ftate, forms water and metallic ful- 
phurets. 

10. Lime readily unites with fulphurated 
hidragen. When this body is paffed in the 
form of gas under a bottle filled with water, 
and lime diifufed in it, the gas is abforbed, 
becomes mixed and combined with the lime, 
and rendiers it more foluble than it was before, 
;at the fame time that it forms calcareous hidro- 

VoL. II. R fulphuret. 
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fulphuret. Citizen BerthoUet remarks, that tlie 
fulphuraled hidrogeti faturates the lime in the 
manner of an acid, and gives it the property of 
cryftallizing in prifms ; which in 1779? when 
I faw and defcribed them for the- firft time; I 
took for a calcareous liver of fulphur, as it was 
then called. This hidro-fulphuret of lime is 
very foluble in water, without colour, and has 
a ftrong and very fetid fmell. The acids de- 
compofe it with effervefcence, and difengage 
fulphurated hidrogen in the form of gas* The 
metallic oxides decompofe fulphureous hidrogen. 
This body is probably contained in ores and 
in waters as a mineralizes Lime, therefore, 
like all the alkaline fubftances^ has three kinds 
of combination with fulphur, namely, fulphuret, 
hidro-fulphuret, and hidrogenated fulphuret . 
1 1 . Though we are not yet acquainted with 
any immediate union between lime, carbon, 
diamond, and the metals, it cannot, however, 
be denied but that an attraftion exifts between 
. thefe feveral bodies, particularly carhon. It 
is found, that when carbon in a ftate of minute 
divifion is heated with lime, they contraft a 
ftrong adherence together, fo that it afterwards 
becomes difficult to feparate them exactly and 
completely. Lime is often found intimately 
combined with carbon in the coal of organic 
matters, and in fome kinds of pit-coal. The 
fulphuret, and even the hidro-fulphiiret of lime^ 
diffolves carbon by the affiftance of heat^ and 
retains it even in the liquid ftate. With regard 

to 



LIME. 243 

the metals, though lime never contra6ls any 
union with them, its attradion for fome of 
their oxides is fo great as to favour the decom- 
polition of water by thefe combuftibles and 
their confequent oxidation^ 

12. Water exercifes a very ftrong attra6lion 
upon lime. When this liquid is thrown in 
fmall quantity on a folid piece of lime, or 
upon this earth in powder, but in a very cauftic 
und unflaked ftate, the fluid is fpeedily abforbed, 
and the lime appears as dry as beforer Soon 
afterwards, if it be in a folid ftate, it burfts, 
cracks, and flies to pieces. The caloric which 
is developed, is difengaged with a portion of 
the water converted into vapour. This vapour 
has a faint fmell of ley, and converts the co- 
lour of paper, tinged with mallow flowers, to 
a green, which fhows that the volatilized water 
. carries with it a fmall portion of lime. In the 
dark, lime during this procefs of heating and 
dividing by means of water, is luminous and 
phofphoric, particularly in hot weather. In 
this dry extinction, the calcareous earth, ex- 
treoidy divided and increafed in bulk, falls 
into very fine dry white powder ; its weight is 
found to be increafed, and it is no longer acrid 
and cauftic as before, neither does it give out 
heat upon the addition of more water. Thefe 
phenomena are of the fame nature, but merely 
lefs intenfe than thofe which take place with 
barytes and ftrontian, as will be feen in the 
following articles ; and they depend like them 

R 2 on 
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on the ftrong attraftion of lime for water, ai 
its property of difengaging much calori< 
They prove that in this combination, the wat^r 
affumes a folid and icy form. La Place arx</ 
Lavoifier in their calorimetric refearches founc^ 
therefore, that one part of a mixture of lime and 
water in the proportion of 16 to 9 of thefe two 
bodies, fufed one part and a half of ice at the 
freezing point of water. It is a proof that the 
water in flaked lime, in a dry ftate, is folid and 
even more folid than common ice, as it isr known 
in our temperate climates, that lime cooled fe- 
veral degrees below 0, and mixed with half its 
weight of ice at 0, difengages a fufficient quan- 
tity of caloric to raife the temperature of the 
mafs more than forty degrees of the thermome- 
ter of Reaumur. Lime, thus mixed with water 
in a folid ftate, is called dry-flaked lime. If 
more water be added, it becomes diluted with- 
out heating, and is improperly called milk of 
lime on account of its whitenefs and confift- 
ence. If. a fufficient quantity of the water be 
added, the whole is diflblved ; and it acquires 
the tranfparence and fluidity of water. For'this 
purpofe, more than four hundred and fifty parts 
of water are required for one of pure lime. The 
folution is called lime-water. 

13. It was formerly unknown that the whole 
of lime is foluble in water. The firft water was 
thrown away, becaufe it was thought to be too 
acrid, and the fecond, or third folution only 
were taken for ufe. Accurate experiments hav- 
ing 
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ing fince proved that very pure lime is totally 
foluble, even to the laft atom in water, lime wa- 
ter is often prepared, by throwing into a fuffi- 
cient quantity of diftilled water, the powder of 
lime, which is then kept in well-clofed bottles. 
When the water ceafes to diffolve this earth, it 
is filtered, or drawn off by a fyphon, and, iu 
this ftate, it is found to contain one 450th part^ 
of its weight. 

14. The folution of lime, denomijiated lime-*v 
water, is clear and limpid, and its fpecific gra- 
vity is fcarcely fuperior to that of common wa- 
ter. Its tafte is acrid, hot, difagreeable, and 
urinous, and it fpeedily changes fymp of violets 
to a green. When evaporated in clofed veffels, 
a fmall quantity of the lime is carried up with 
water, and that which remains is ufually flaked 
lime. In order to convert it to the liate of 
quick or cauftic lime, it would be neceffary to 
give it an increafe of temperature more con- 
fiderable than can be applied in the ufual diftil- 
ling veffels. 

Lime-water, expofed to the air, abforbs car- 
bonic acid, and becomes covered with a dry 
pellicle, which is renewed at the furface, when 
broken, until the whole of the lime is thus fepa- 
rated from the water. The pellicle confifts of 
carbonate of lime which is infoluble, and was 
formerly called cream of lime, though very im^ 
properly. The fame fubftance was alfo confi* 
dered, in the earlier ftates of chemiftry, as a fait 
of lime, and it was this faft . which led Stahl to 

conclude^i 
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conclude, that the union of iearth and watey 
formed a fait. 

Lime-water is, in no refpeft, altered by oxt 
igen, azote, and the greateft number of combuf- 
tible bodies. It abforbs a fm all quantity of 
fulphurated hidrogen gas, which it changes into 
hidro-fulphuret, it dilfolves alfo a fmall quan- 
"tity of fulphur by the affiftance of heat, but it 
takes up no portion of carbon, the diamond, nor 

metallic matters : water only dilutes and weak- 

■'■••• •• • • i - • 

ens it 

15. Lime unites with the metallic oxides, 
both in the dry and in the humid way. Moft 
of the oxides flow with lime by heat into ena-^ 
mels, or coloured glaffes ; fome of them com^ 
bine with it by means of water, and form falts 
in which they feem to aft as acids. Of this we 
fhall fpeak more fully in the particular hiftory 
of metals. 

16. Its attra6lion for the acids is -confiderably 
ftrong, and it combines more or lefs eafily with 
all thefe bodies. The falts it thus forms, are 
found among natural fofTil produfts. In order 
to prefent, in this place, only the general no- 
tions of the fafts which ought to be found in 
the hiftory of lime, all the particularities rela- 
tive to its combinations with acids, being to 
be expofed in the following feftion ; we fhall 
include only what relates to its attraAion for 
the acids, and the order of thefe attraftions 
compared with that of the other bafes for the 
fame burned bodies^ To begin with the ftrong- 

eft 
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•eft aeid, this power a6ls in the following order ; 
fulphuric, nitric, muriatic, phofphoric, fluoric^ 
phofphoreous, fulphureous, nitrous, boracic, and 
parbbnic. By comparing thefe attradions with 
thofe of the other falifiable bafes, we find that 
it is conftantiy placed after barytes, and ftron- 
tian, frequently after the fixed allmlis, fome- 
times before them, and conftantiy before am- 
monia, magnefia, glucine, alumine, and zircone: 

17. The adherence and intimate union be- 
tween lime and filex, being the foundation of 
many very ufeful chemical arts, it is neceffary that 
they ihould be carefully defcribed in the theory 
jof the fcience. This earth contra^s a ftrong 
adhefion with fragments of filiceoijs ftones, when 
their juxta pofition is aflifted by water. When 
xjoarfe fand is mixed witjb lime newly flaked, ox 
with quick, lime fprinkled with a little water, 
thefe two bodies a few momepts afterwards be- 
come confiftent and form what is called mortar. 
The ftate and proportion of the lime, its previous 
extinftion Avith various quantities of wat^r, oj 
its e^ftinftion made at the very moment of the 
piixture, the nature of the fand more or lefs 
coarfe, rounded or unequal, dry or humid, pre- 
sent great differences in tjie different mortars 
tlms prepared. 

The refult of the inquiries of La Faye on the 
mortar of the ancients, publiflied in 1777 and 
1778, ihow that the Romans fucceeded in giv- 
ing great folidity to their conftru6lions, merely 
py the accurate proportions of the mixture of 
^ lime, 
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lime, flaked in a particular manner and rough 
fand. / Very good mortar is alfo made with limp 
and baked clay, or pouzzalana, a kind of fer- 
ruginous clay, baked by the fire of ^felcanos, 
and altered by the conta6t of water and air. 

•1 8- Lime, though like filex it is perfe6lly in^ 
fufible alone, yet melts with this earth when 
heated in fuch a proportion, that the lime fliall, 
at leaft, ^ equal the filex in quantity; It ap- 
pears even that lime is the natural flux of filex 
in the fufible fl:ones, of which thefe earths con^ 
fl:itute part. With this view, the quantity of 
lime ufed in fome glafs works is fo confiderable, 
as to afford ground to affinn, that it fupplies the 
place of fixed alkalis. 

Lime is likewife capable of fufing alumine, in 
the dofe of one-third of its weight. It appeal^ 
even that like barytes, and the alkalis, it has a 
ftronger attraftion for alumine than for filex. 
The mixture of thefe three earths, melts more 
completely than that of lime with either of them 
feparately, In this manner it is, that one part 
of lime, and one of alumine, are capable of 
melting two, and even two and a half parts of 
filex. From this fa6l it is, that the fufibility of 

^ feveral fcintillating ftones compofed of thefe 
three earths is explained. Hence alfo we fee, 
why lime, veiy ftrongly heated in crucibles, be- 
comes vitrified at its edges, where it is in contad 

' with the fides of the veffel, on account of the 
filex and the alumine, which enter into their 
coinpofition. We are not yet acquainted with 

the 
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the aSion of Ikne on zircone ^and glucine. It 
appeajs that it melts with thefe earths which 
inutually ferve as fluxes for each other, 

20. The intimate nature of lime is not known. 
It was formerly confidered as being charged 
with fixed fire during its calcination, and fuf- 
ceptible of giving it out during its extinftion. 
But this notion was not calculated to Ihow its 
compofition. By an hypothefis arifing from the 
former, Meyer has admitted in lime, the exift- 
ence of combined fire with an acid, under the 
name of caujiicum and ncidum pingue. But he 
has not proved the exiftence of this prietended 
principle of caufticity, which has hitherto been 
confidered as an ingenious fi6iion by all che- 
miftS. It was afterwards thought, that lime is* 
theprodud of filiceous or aluminous earths, di- 
vided and attenuated in the organs of animals. 
But no pofitive experiment fupports this theory 
which is purely hypothetical. As calcareous 
earth is found abundantly diffufed in the water 
of the fea, and particularly in the numerous 
clafs. of flicU fifli, zoophytes and lithophy tes, 
naturaUfi:s have fuppofed, that it is formed by 
thefe animals, by the a6lion of their oygans. 
But, on the one haiwi, the exiftence of a great 
quantity of calcareous earths in nupierous 
mountains, without any trace of animal or- 
ganization, and, on the other hand, our total 
ignorance of the nature of the principles of 
lime, and the manner in which the life of ani- 
mals can unite them, ftill place this opinion 

in 
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in the rank of hypothefes. lime, moreover, 

cxifts abundantly in vegetables, in which w,e 

ought ^rft to explain its formation, becaufe it 

is more natural to think, that it paffes from 

thefe into animals, for the nouriihment of which 

nature has manifeftly deftined and appropriated 

them, either by their order of compofition, their 

pre-exiftence, or their mafs compared with that 

of animals. Some facts feem to authorife us in 

admitting the prefence of azote in lime, as well 

as in general in all the alkaliive earths. Thofe 

fafts will, hereafter^ be ihown ; biit we muft here 

Hate, that they have not been obferved witl:i. 

fufficient exa6lnefs, nor is theh' number fo con^ 

fiderable as to admit of their being placed. 

among the admiffible truths, conftituting the 

elements of a pofitive fcience. Befides. whiclm, 

even if we could prove the prefence of a^zpte i ia 

earths, and its alkaligene property of which - J 

fhallfpeak, is a mere notion, -though .this q<:>'=- 

tion is my own, we fliall ftill h^ve.made but a 

fmall progrels in the analyfis of lime ; for it 

wbuld be neceflary tQ - afcert^in, not only tl:i^ 

matter combinied with azote in this earth, an^ 

the proportion of its principles, but alfo .their 

difference in the other alkaline earths. \Vc 

have, therefore,, no pofitive knowledge of tl^c 

intimate compofition of lime. 

2 1 . Lime is one of the earthy bodies lapft 

frecfuently employed by nature, and moft abai^" 

dant in its numerous combinations. Befid^ 

thofe immenfe beds of calcareous fj^Jts^^epofite^ 

in 
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jn the mountains, befides the very multiplied 
and divcrfified ftony compounds of which it is 
one of the principles, we find lime often in a 
pure ftate in vegetable fubftances. In animal 
matters it is united to various acids. It is 
otie of the earths which paffcs through them, 
and is formed in them in the greateft quan* 
tity, and is the mod neceffary to their exiftence. 
We do not yet know whether it is carried thi- 
ther by their food, or is compofed in their 
^organs. By ftudying the properties of lime, as 
'has been done for forty years paft, natural 
'philofophy has been greatly advanced, and 
t:his earth has been ufed as a very valuable in- 
strument of analyfis. 

22. There is no material more ufeful in the 
Arts, or more varioufly employed, than lime. 
It forms the bafis of many conftruftions ; it 
connefite the materials, conftitutes the folidity 
of mortars and cements, and ferves for the 
preparation of ftucco. It forms covering or 
facing to receive coarfe painting upon walls. 
The ancietits difpofed a thick ftratum upon a 
firft layer of black, and by tracing through 
this they formed coarfe outlines. Lime is ufed 
in glafs-works, in foap lees, and the fabrica- 
tion of foap. The inner furface of cafks is im- 
pregnated with this material when defigned to 
preferve water at fea ; and animal matters are 
in many cafes covered with lime, to dry and 
^efend them againft putirfaftion. It enters 

into 
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into a number of preparations of vegetable and 
ani^aj matters— dyeing, tanning, &c. &c* 

23. In medicine, lime-water, more or lefs 
diluted with water or with different liquids, is 
prefcrlbed in cafes of internal or external u^ 
cers, and as a lithontriptic. In the laft cafe it 
is very far from poffeffing all the virtues which 
have been attributed to it. It has been thought 

- that its indifcreet or too long continued ufe 
produces a manifeft tendency to fepticity in 
the fluids. Lime-water is more ufeful as an 
anti-acid or abforbent, by rapidly condenfing 
the carbonic acid gas, which diftends the in- 
teftines. As a carminative, it fpeedily cure$ 
inteftinal tympanites ; but it cannot be com- 
pared with the alkalis of which it does not 
poffefs the energy upon animal matters. 

24. Lime is of the moft extenfive and im- 
portant ufe in agriculture. It is applied a3 a 
moft valuable manure for the purpofe of divid- 
ing earths, affifting vegetation, wanning cold 
foils, which are too denfe and argillaceous^ 
and deftroying infers and weeds which fre- 
quently vitiate whole fields. It immediately 
deftroys the blight in corn, and prevents its 
reprodu6lion by deftroying its contagious pro- 
perty ; its ufe in this cafe is called <:haulage. 
It conftfts in fteeping and agitating for a ihort 
time the grain in lime diluted with warm water 
before it is ufed as feed. Experience has con- 
firmed the fuccefs of this method. 

25. In 
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25. In chemiftry lime is one of the principal 
agents . of our laboratories. It is diffol ved in 
wat^r for the preparation of lime water, one of 
the moft frequent and neceflary re-agents. It 
renders the alkalis cauftic, decompofes many 
falts, metallic folutions, and foaps, is of ufe to 
afcertain the prefence of .carbonic acid, to deter- 
mine its quantity, &c. &c. Lime is mixed with 
white of egg, and applied to the jun6lures of 
glafs veffels to which it ftrongly adheres, and 
forms an accurate clofure. The fame mixture 
is ufed to repair broken veffels of glafs and pot- 
tery, or to prcferve them for ^ time, by prevent- 
ing the total feparation of their broken parts. 



Article VIII.^ 

Of AlkaUs in general, 

1. THE word alkali is tranfmitted to us by 
the Arabs ; it was at firft fpelled with a Ar, and 
is derived from the word kaly^ a plant from 
which wasextra6led that fpeciea^ of its bafes the 
moft anciently known, and the firft employed. 
The Arabs, by adding the particle al, intended 
to exprefs the force, or the fuperiority of the 
fait obtained from the plant, over the plant it- 
felf. I have taken the k from this word, and 
have fubftituted a c, becaufe the former letter 
being little ufed, and not very expreffive in our 

(the 
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(the French) language, is an unneceflary ancl 
redundant letter, and, in this inftance, ferves 
only to embarrafs the ftudent *. 

2. Among thofe earthy fubftances, of which 
the hiftory has been juft given, two fpecies were 
lately claffed, which have^vcry evident alkaline 
properties, and which I iliall conned with what 
are properly called alkalis, as well on account of 
the energy of thofe properties, as in confequence 
of the force of attraftion they exert upon the 
acids. Barytes and ftrontian, in faft, bear fuch 
an analogy to the alkalis, that they cannot be 
far removed from thofe bodies, and it is even 
impoffible, in many inftances, to avoid comprif- 
ing them in the fame genus. 

3. There are a certain number of properties 
enjoyed almoft exclufively by the alkalis, which, 
on this account, are expreffed by the name of 
alkaline properties. The acrid tafte, analogous 
to that of putrefcent animal fubftances is an al- 
kaline character : it is defignated by the name 
of urinous tafte, becaufe it refembles that of 
putrid urine, which itfelf has this tafte only from 
the fpecips of alkali thus formed in it. Every 
alkali changes, more or lefs to a green colour, 
the fyrup of violets, the red of poppies, of rofes, 
the Ikin of radifhes, the bluifli tinfture of jnal- 
lows, and caufes the yellow tinfture of curcuma, 

• Thele reafons here giveiT did not appear fufficiently ap- 
plicable to our language and ufage, to induce the tranAator U> 
depart from the prefcnt adopted fpclling. N, 

or 
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or terra meritd^ td change to a reddifli brown, 
or deep violet. The alkalis have, befides, the 
property of readily combining with the acids, 
and of forming, with them, falts, properly fo 
called; tbr this reafon, they are comprifed 
among the falifiable bafes, and they are placed 
even in the firft clafs of thefe bafes, on account 
of the faline properties they communicate to the 
acids, and the force with which they adhere to 
them. 

4. The energy of alkaline fubftances upon 
animal matters is irifinitely greater than that of 
the alkaline earths. . All the alkalis, however, 
have not the fame poifonous a6lion upon ani- 
mals as baiytes ; but they diflblve animal fub- 
ftances, foften them, reduce them to pafte, and 
totally decompofe them, as will be explained 
hereafter. 

^. I acknowledge five fpecies of alkalis, 
which are very diftin61; from each other. Four 
may be confidered as fixed alkalis, not becaufe 
they all poflefs abfolute fixity, for two of them 
may be fublimed by a great heat, but becaufe, 
on comparing them with the fifth, which is 
eafily reduced to vapour, or gas, they are really 
very difficult to be evaporated. This fifth fpe- 
cies has alfo been denominated volatile alkali, 
in oppofition to two of the former, which only 
were known formerly. The names of the five 
alkalis at prefent adopted, are barytcs^ poUaJk^ 
Jbda^ Jirontian^ and ammofiia, ' 

6. All 
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6. All the alkalis are unchdpgcablc by beat} 
Is^hether fublimed, melted, or reduced to vapour^ 
they lole iio portion of tbeif tiature or proper- 
ties. They are all without aftioii on oxigen 
and azote gafes ; all abforb from the atmofpherc 
the water and carbonic' acid which are diffolved 
in it None of them a6l either upon hidrogeH 
gas, carbon, or the diamond; but they unite 
with phofphorus, fulphur, and with the phof* 
phorated, fulphurated, and hidrogen gafes. Al- 
though they do not combine with the metals, 
they are frequently fufceptible of favouring their 
oxidation by water, which they render more de- 
compofable by thefe combuftible bodies. 

7. The alkalis all combine with water, with 
more or lefs force : they difengage caloric froni 
it, and render it more denfe than it is in its na- 
tural ftate. They alfo combine with feveral 
metallic oxides, which often exert an a^ion 
upon them fimilar to that of the acids. 

8. The attradions and combinations of the 
alkalis with acids, produce falts, the proper- 
ties of which vary according to the fpccies of 
acids, and alkaline bafes united together. Their 
relative attraftions for the generality of the 
acids is conftantly in the following order ; — 
barytes, pot-afh, foda, ftrontian, and ammonia; 
with refpeft to the other falifiable bafes, barytes 
is conftantly ftronger than lime ; pot-afh and 
foda fometimes only give way to lime, which 
they alfo frequently difplace ; they are con- 
ftantly ftronger than magnefia, alumine, glucine, 

and 
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and zircone. Ammonia only partially difen- 
gages magnefia from its faline compounds, and 
almoft always totally feparatcs the three latter 
' from thefe earths. It will be feen in the hif- 
tory of the falts, that their moft remarkable 
properties are owing to thefe attractions. 

9. The earths in general undergo little al- 
teration on the part of the alkalis. Silex and 
alumine are the only two which are foluble in 
them, and adhere more or lefs ftrongly. They 
may be united either in the dry or the humid 
way. 

10. The five fpecies of alkalis contra6l no 
real union, and do not re-a6i upon each other. 
They are only difplaced from their refpe6liye 
combinations according to the diverfity of 
their attractions for the different bodies. 

11. They are all five found in confiderable 
abundance in Nature, never pure or infolated, 
but in combination, either with the acids in 
the ftate of falts, or with the earths, and in 
the ftate of ftones. Their falini^ compounds 
are often found in the juices of vegetables, and 
in animal fluids. Formerly, even when three 
fpecies of alkalis only were admitted, pot-alh, 
foda, and ammonia, one t)f thefe alkalis, namely, 
foda was fuppofed to belong particularly to mi- 
nerals, pot-afli to plants, and ammonia to ani- 
mals ; but this divifion has been found to be 
much lefs exclufive than it was long believed 
to be, each of thefe falifiable bafes being found 
indifferently in one or other of thefe three 

Vol. II. S clafles 
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claflfes of bodies. Neverthelcfs barites And 
ftrontian have not yet been met with, eiccept 
among foffils. 

12. Of the five fpecies of alkalis, there is 
only one, the nature and compofition of which 
lis exa6lly known* An accurate analyfis has 
been made of ammonia, which has been con- 
firmed by fynthefis. This information being 
once acquired, led to the propofal of fomc opi- 
nions or views relative to the- principles of 
pot-afli and foda, which have not yet been de- 
compofed; but thefe obfervations ought ftill 
to be confidered only as hypothefeS. I was the 
firft who fufpe6led and announced, in the year 
1787, that azote, an element well diftinguilhed 
in ammonia, might be the general principle of 
the alkalis, the alkalifiant or alkaligenant prin- 
ciple. It is in confequence of this notice, that 
feveral chemifts have Regarded, though doubt- 
lefs too precipitately, this refult as a demon- 
flrated fa6l : I ought therefore to obferve here, 
that though this fufpicion has not yet becnover- 
thrown, it has not been proved by any pofitive 
experiment ; that the inquiries that have been 
made for its fupport, have not yet had the 
fuccefs which I had anticipated ; and that in 
order to admit it as a point of dodrine, a feries 
of experimental data are yet required, 

1 3. It cannot be denied, that it is very pro- 
bable that the alkaline properties which are 
fimilar, not only in the two fixed alkalis, but 
ulfo in barites, ftrontian, an^ lime, may be 

owijtig 
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owing to an identical principle. We cannot 
aivoid admitting, that of the two materials 
which have been found on the analyfis of am-^ 
tnonia, azote appears to be that which may be 
regarded as the alkalifying principle ; that this 
idea agrees with the tendency poffefled by all 
the fubftances which contain azote, to include 
at the fame tinie a portion of alkali; that it 
would alfo be very conformable to the fimpli- 
city and uniformity of the views of nature to 
confider atmofpheric air as a mixture of oxigefi 
and alkali, as its influence appears to be equally 
marked and neceflary in the formation of acids 
and alkalis, in acidification and alkalifation. 
But all this is ftill only a fr^ail affemblage of 
hypothefes, and will continue to be fo, as long 
as exa6l experiments, limilar to thofe w^hich 
have been made upon the acids, fhall be want- 
ing to decide upon the four other fpecies of 
a:lkalis : and as I lliall fliow in the followins: 
articles, that there are no fimilar rtfults ifa. 
chemiftry, I ought, ftill more than inother, as 
the firft author of this notion, to prefent it 
only as a Iketch or outline, far diftant froift 
that rigorous demonftration which is now ne- 
ceflary to produce conviftion as to the' nature 
of bodies. 

14. It is the more neceflary to adopt this 
cautious opinion, as I had propofed my hypo- 
thefts only for pot-alh and foda, which I com- 
pared, by fome notions which will be ftated 
hereafter, to lime and magnefta ; and that fince 
-. . S 2 ' this 
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this propofition, which was made about fifteen 
years fmce, my firft notion has not only been 
unconfirmed by any drift faft, but the difco- 
very of barites and ftrontiauj the mod intimate 
knowledge of their remarkable properties, the 
neceflity which the ftate of the fcience impofes 
upon me to reckon them among the ajkalis, 
ftill weaken the foundations of my^ old hypo- 
thefis ; and I have, in fhort, no longer any 
comparative oppofition of two fixed alkalis to 
two earths flightly alkalifed, which in a great 
degree fuggefted the hypothetical fufpicions of 
which I fpeak. 



Article IX. 



Of Barites 



1. BARITES takes its name from a Greek 
word, which fignifies heavy, becaufe it is the 
heavieft of all the falifiable, eaj-thy, and alka- 
line bafes. At firft, on account of this pro- 
perty, it was denominated heavy earth and ba- 
rotes. Mr. Kirwan and Bergmann defined it 
by the Latin name of Barites, and it is this 
word which the authors of the French Nomen- 
clature have tranflated into their language; it 
is at prefent generally adopted. It has beeu 
generally regarded till now as an earth ; I not 
only place it among the alkalis, but I place it 
ai$ the firft of their fpecies, becaufe its alkaline 

properties 
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properties are tlie moft energetic, and its at- 
tradion for acids the ftrongeft. 

2. Bai'ites has long been confounded with 
abforbent or calcareous earth, even by Marg- 
grafFand Citizen Monnet, who,> on examining 
heavy fpar^ from which it is extrafted, had ne- 
verthelefs remarked fome difference between it 
and calcareous fubftances. Gahn and Scheele, 
the Swediih chemifts, were the firft who diftiii- 
guiihed it in 1774, and who, by denominating 
it heavy e^r/A, defcribed fome of its moil effen- 
tial charafters. Since their difcovery, all the 
chemifts have confirmed the diftindion of this 
Ipecies of falifiable bafes, but they have all 
confounded it >v^ith earths. Thofe who have 
greatly contributed to the primitive labours of 
the Swedes, and to whom we are indebted for 
the whole extent of the exaft information 
which we now poffefs of halites, are Meffrs. 
Hope, in Scotland, and Pelletier, Vauquelin, 
and myfelf, in France, 

3. Barites never exifts in a pure ftate 
among the natural produftions in which it 
]8 contained, but combined with various 
acids, or with feveral earths. Before the in* 
veftigations of the laft mentioned chemifts, 
pure barites was unknown ; it could not 
be extrafted or obtained in a pure ftate, and 
one of its combinations with the carbonic acid 
was fubftituted. To feparate it from its com- 
pounds, and to obtain it in a great degree of 
purity, different procefTes were had recourfe to, 

according 
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according to the nature of the baritic combi^ 
nations that were treated. Without here en- 
tering into details which belong entirely to the 
hiftory of the falts, it is neverthelefs neceffary 
to be known, that barites is extrafted from 
the carbonate or the fulphate of this alkali, 
yhich arc abundant in nature, but particularly 
the latter. The firft of thefe fajts is calcined 
in a crucible furrounded with charcoal, with 
which it is mixed, and which favours the dif-* 
engagement of the carbonic acid, TJic ful- 
phate of barites, in a fine powder, ihould bq 
mixed with one-eighth of its weight of ckar- 
coal powder, and heated for feveral hours at a 
red heat in a crucible : the fulphuret of baritea 
which refults, is then diftufed in water; fome 
liitric acid is poured on it, which precipitates 
the fulphur; the nitrate of barites is made 
to evaporate and ci'yftallize ; it is afterwards 
ftrongly heated in a retort, and by the total 
decompofition of its nitric acid, it leaves the 
barites pure. A portion of muriatic acid is 
often added to the folution of the fulphuret of 
barites ; the muriate of barites is precipitated 
by an alkali faturated with carbonic acid, and 
the carbonate of barites, precipitated by char-? 
qoal, which facilitates, as has already been 
/aid, the volatilization of the carbonic acid. 
This laft procefs, like that of the calcination 
of the carbonate of native barites, in the mid ft 
of charcoal, q, procefa which is attributed to 
^h tjppe, of ^dinbuvgh, 4pes not aiford the 

baritc^ 
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barites very pure ; it is only the decompofitibn 
of the nitrate of that bafe by heat, which af- 
fords it in that ftatp. This method was difco*- 
vered by Citizen Vauquelin. 

4. Barites obtained by the proceffes pointed 
out, is commonly in the form of fmall maffes, 
which are grey, porous, tolerably folid, fufible, 
breaking by a hardifli prefliire ; it has an acrid, 
burning, urinous, and cauftic tafte, which is 
quickly venomous when it a6ts upon the fto- 
mach and inteftines. Its weight is to that of 
water, as 4 to I. It deftroys and diforganifes 
animal fubftances like the other fixed alkali;^. 
It decompofes them, and converts them into 
ammonia and oil. It changes blue vegetable 
colours to a djeep green, and attacks, even in 
their compofit/on, feveral of thefe colouring 
particles. Ajl thefe properties gender it exactly 
fimilar to pot-afh and foda, with which therq 
yill, in the fequd, be difcoyered feveral other 
apfilogies equally marked. 

5, Light ^oes not in any degree alter ba-* 
rites. When heated before the blow-pipe upoji 
clwcpal, it ipelts in a grey opake globule, 
which foon fcatters and is difperfed at the furface 
of this combuftible body^ On being • treated 
)i^y heal, in a crucible or retort of pprcelain, 
which is made red-hot, it becomes foft, melts, 
and fticks to ttie fides of thofe veffels, where 
it forms a kind of . green i(h coating, that 
^heres very ftrongly. If" it be heated lefs 

quickly, 
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quickly, it hardens and acquires internally it 
Wijeifli ihade of green, 

"' 6, It does not abforb either oxigen or azote 
jgas^ and has no adijon upon their bafis, which 
it does not take from any fubftance, When tX" 
pofed to the air, particularly when it is humid| 
it becomes inflated in a few minutes, grows hot, 
and divides into a white duft, which occupies 
feveral times its prhnitive bulk. It lofes a part - 
of its harflmefs, and increafes in weight to 
0,22. 

It is to the abforption of the atmofpheric 
water, that thefe phenomena are owing. They 
take place in a more fpeedy and fenfible man-^ 
ner, on account of the tranfpiration of thcfkin, 
when fome fragments of this alkali, very pure 
atid cauftic, are expofed upon the hand. The 
furface which touches the hand immediately 
'becomes white ; it bubbles up, falls into pow- 
der, and produces fo much heat, that it is dif- 
ficult to fupport this pfFefl: for fome time, Tlie 
abforption and fixation of atmofpheric water, 
as well as the difehgagement of caloric by well- 
prepared and very pure barites, are fo energetic, 
find fo forcibly dilate this alkaline fubftance, 
that when we expofe to this extinction (for this 
is the name which this phenomenon ought to 
bear, analogous to that which. has already been 
defcribed in the hiftory of lime) a portion of 
barites melted on a fragment of porcelain, the 
latter is broken with noife by the effort exert- 
ed by the dilated particles of this aljcaline bafe. 
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When this firft eiFeft, produced by the abforp- 
tion of atmofpheric water, is over, when the 
barites is entirely extinguiflied, it at length 
abforbs carbonic acid from the atmofphere ; it 
always lofes more and more of its acrid tafte, 
and becomes effervefcent. 

7. Arrtong the fix kinds of undecompofed 
combuftible bodies, the hiftory of which has 
been given in the fecond feftion of this work, 
after azote, there are only two upon which ba- 
Tites appears to exert any attraclion ; for it 
does not unite to hidrogen, or to hidrogen gas; 
and it experiences no alteration on the part of 
<^iirbon, charcoal, tb6 diamond, or metals, which 
;are, likewife, not dffefted by the bairitcs. The 
two combuftible bodies upon whith barites afts 
^e phofphorm and Mfihun A faint idea only 
was entertained of this a6lion; and it was only 
difcoveted by complicated proceffes, before the 
ineans were known of obtaining barites in that 
ftate of purity in which it is now known 
and employed. When barites is heated \vith 
phofphorus in a glafe tube rather thick, which 
is held in the midft of lighted charcoal, thefe 
two bodies conibine mpidly together. The 
compound which refults from them is blackifh, 
or of a brilliant bro^vn, nearly refemblihg a 
very fufible metallic fubftance ; emiting, when 
moiftened, a ftrong and fetid odour, lumi- 
nous in the dark, decompofable in the air, 
affording with water, which it decompofes, 
phofphorated hidrogen gas, and is gradually 

i: on verted 
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converted by the air into phofphate of barites. 
This compound ought to be denominated phof* 
phuret of barites. 

8, A combination analogous to the preced- 
ing takes place between barites aQd fulphur. In 
the cold, thefe two bodies exert no a£lipn upoii 
each other. By the addition of hot water, the 
barites diffolves more than one-fourth of it$ 
weight of fulphur. Heated in a crucible, thefe 
matters when well mixed, melt as foon as they 
are perfe<Slly ignited : tlie refijlt is ^ ytUow red- 
di/h coloured mafe, which is ypry folublf^^ but 
piore fo in boiling than in cold water, fudden<» 
ly decompofmg that liquid, . faturating it with 
fulphurated hidrogen, depofiting on cooling' 
cryftals of hidro-fulphuret of barites v^ry dif- 
ferent in their form, fometimes refembling that 
of fmall needles, at others that qf .hexiahedral 
prifms in confiderable abundance, fometimes that 
of octahedrons, and often alfo that of fmall hex- 
agonal, brilliant, and micacpous l^minie. At 
the moment ^t whiph the fplution of the ful- 
phuret of barites takes place, it emits a fetid 
fmell of fulphurated hidrogen gas : before being 
united to water, this folid fulphur is abfolutely 
inodorous. The liquor which has depofited 
cryftals of hjdro-fulphuret of barites, retains an 
hidrogenated fulphuret of th^e fame bafe. Ex- 
pofed to the air, the folution of fulphuret of 
barites, becomes of a yellow citron colour. We 
often obferve, cryftals of hidro-fulphuret of ba- 
rites 
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rites wllPbave yellow fpots, or plates, in th^ 
midft of th^ir white mafles. 

Thi§ fujiphuret of barites is v^ry remarkable 
for the extreme qiiicknefs with which it decom- 
pofes water, for the quantity of fulphurated hi- 
drogen to which it combines, which it retains, 
and with whicj) it fortns the condenfed baritic 
hidrq-fulphuret, for the difficulty and flownefs 
with whiclx the air decompofes the latter, as 
well as for the great proportion of fulphurated 
bidrogen g^s that is dife»gaged without any 
precipitation of fulphur, w]ien it is treated hy 
the acids. Citizen BerthoUet, who carefully 
examined this body, diflblved in water, and who 
firft gave it the name of hidro^fulphuret of b^' 
rites, confidered the union of fulphurated hi- 
drogeji with bavites, as perforn^ing the fuu6lioii 
of an acid. The rednefs which fulphurated h\^ 
dfOg^p g^s gives to the tiji6ture of turnfoJL it| 
iabforption, and fpeedy co^pbin^tion vith th» 
folution of barites, the faline pryft^Ui^^tioii 
formed by thii^ combinatiQix, its permanence in 
the ^ir^ its decorpppiitioij by th* J^ci't^s, which 
clifengage fiom it fulphiua^ed hidfPgen gas, with 
3. brifk effervefcence ; in fliort, the greatgft at- 
traftion which fulphurated hidrogen exerts 
upon barites, froift which it fepara^es and pre- 
cipitates fulphur, fin^e it deeemppfes the ful- 
phuret of barit:es, all authorife anid ftrengthen 
this pphiipn, 

We ought to diiftingnifli three kipds of com-* 
Vin^ti^n gf fulphvtr ^vjth barites. Ii^ one of 

thefa 
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thefe the fulphur is alone, and immediately 
combined, as when it is heated in a dry ftate, 
with the barites, this- is the fimple fulphuret of 
barites. In the other, the fulphur combined 
with hidrogen, exifts in the fiate of hidro-ful- 
phuret of barites : this laft combination is ob- 
tained by paffing fulphurated hidrogen gas inta 
water in which barites has been diffufed: the ba- 
rites becomes more foluble than when it is alone, 
in proportion ^s it becomes united with the ful- 
phurated hidrogen, which condenfes, and isab- 
fbrbed by the liquor. Laftly, between this lat- 
ter ftate of hidro- fulphuret and fulphuret of ba- 
rites, the diftin6live charafter of the firft being 
that of only affording by the acids fulphurated 
hidrogen gas, and no precipitated fulphur ; and 
the character of the latter treated in heat in the 
dry way, being that of affording only fublimated 
fulphur, without fulphurated hidrogen gas, — ^be- 
tween the two extreme terms of combination 
is found a third kind of union, in fome degree 
interiliediate,' in which the fulphuret of barites 
holds ill folution more or lefs fulphurated hidro- 
gen, fo that it at once gives by the acids 
which decompofe it, both fulphurated hidrogen 
gas which is difengaged, and fulphur which is 
precipitated. Citizen BerthoUet defines this 
mean combination by the name of hidrogenated 
fulphuret of barites. It appears that the barites 
muft dilTolve, at leaft, one-tenth of its weight 
of fulphur, before it can be in the ftate of a ftil- 
phuret ] in other refpe<Ss, the maximum of this 

folubility 
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folubility of fulphur it not yet known. It muft 
be obferved, that what has juft been faid of 
the union of fulphur with barites, and of the 
three principal ftates of this combination, viz. 
Julphurefj hidrogenatedfufphuret, and hidro-Juh 
phurety may be applied in general to all alka- 
line matters. 

10, Barites has mi^ch attraftion for water. 
All the phenomena which they prefent with this 
body, in the liquid ftate, are very neceffary to 
be well known. If a fmall quantity of ^water 
be poured upon fome pieces of very ftrong and 
cauftic barites, it boils up with a noife, be- 
comes very hot,^ increafes in bulk, and changes 
into a white and apparently inflated fubftance. 
If a quantity of water be added fufficient to 
dilute it, after having been heated and inflated, 
it hardens and cryftalli^es on cooling ; it takes 
a firm confiftence, and preferves, in a needled 
form, the appearance of a ftone, which, after 
fome time, divides and falls fpontaneoufly 
into duft in the air. If more water be employ* 
ed than in the preceding experiments, the ba- 
rytes is entirely diflblved in this liquid. Cold 
water takes up about a twentieth part of the 
weight of it. This folution changes the fyrup 
of violets to a deep green, and foon deftroys its 
colour. Expofed to the air, it is fpeedily cover- 
ed with a thick pellicle, which is reproduced 
in proportion as'^t is taken off; This efi^edl is 
owing to the abfprption of the carbonic acid of 

the 
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the atmofphere ; evaporated in cib{*ed vfefleb 
the folution of barites leaves the alkali pufe. 

Boiling water diffdlves half its weight of pui'ef , 
barites. This folution cryftallizes on cooling ; 
it affords long prifms with four (ides, white ahd^ 
tranfparent, which efBorefce in the air, lofe a - 
little of their Avater of cryftallization, aitd ab- 
forb the atmofpheric carbohic acid* 

11. We are ftill almoft efitirely ignorant of 
the combinations which barites is fiifceptible 
of forming with the metallic oxides. It appears 
that it is capable of uniting with fevefal of 
them, as well as with the acids, though lefs 
eafily and lefs generally. It will be feeti ift thfe 
hiftory of lead that it very readily diflblve^ the 
oxide of thi^ tnetal. 

12. Barites quickly unites with all the aCidl 
It adheres fo ftrongly to thofe bodies, that it 
forms with them the moil i)crmati^fat faline 
compounds, and the moft difficult of iaill to be 
decompofed : it is particularly by this property, 
that it deferves the firft rank which I affigti it 
among the alkalis. Moft of the falts of which 
it forms the bafe, are either little foluble and 
pulverulent, or foluble and very cryftallizable ; 
it is the bafe which Jias the greateft attraction 
for all th6 acids, and which carries off moft. 
of them from all the others. It is fuMcient 
here to notice tliefe general refults, becaufe the 
falts which it conftitutes, will be examined in 

-|)articular and in detail in the following fec- 
tion. 

13. Barites 
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13. Barites has a marked a6lioh in. the dry 
way upon lilex aiid alumine, of which it effe&s 
a vitreous fiifion at a high temperature; it takes 
and gives to thefe earths in their vitrification, a 
green or bluifli colour, which has caufed a fuf- 
picion that it is formed of a metallic oxide. 
With zircone, it is alfo fufceptible of melting 
into glafs ; it does not diffol ve it more than the 
two firft earths in the humid way ; it precipi- 
tates it from its folutions in the acids, as it alfo 
a^ls with refpedl to alumine ; it does not unite to 
any of the other earths in the humid way, but 
combines with them more or lefs by the aftion 
6f heat, by forming with them coriipounds more 
or lefs vitreous. In this union, effected be- 
tween barites, filex, and alumine, an union 
ivhich connects it ftill more with pqt-afh and 
foda, the barites lofes* part of its tafte and folu- 
bility, and gives to the firft of thefe two earths, 
ihfoluble by itfelf in the acids, an extreme 
ftate of divifion which favours its folubility in 
liquids. It may, therefore, ferve for the ana- 
lyfis of hard ftones, like pot-aili, and foda; it is 
eafy to forefce, that fimilar combinations be- 
tween barites,. filex, or alumine, may form 
fome natural ftony compounds, which mine- 
iralogical chemiftry will hereafter difcover 
among foffi Is which have been hitherto imper- 
feftly examined. 

14. Some modern chemifts have thought that , 
barites Was only the oxide of a metal ftill un- 
known, and very difficult to be reduced. They 

were 
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were led to this opinion by its weight being 
greater than that of any other earthy or alka- 
line bafe, by that of the faline compiounds. of 
which it forms a part, by the colour which it 
contjafts merely by heat, and gives to the earths 
with which it is combined by the a& of fufion, 
and by the precipitates analogous to thofe of the 
metallic folutions it affords in certain circum- 
ftances. Such was long the opinion of the ce- 
lebrated Bergmann : fuch was that of the illuf- 
trious Lavoifier, which he extended in general 
to all earthy matters. It has even been aiferted 
that Gahn, the Swedifh phyfician, had fuqceed- 
ed in obtaining the metal of barites ; but this 
faft has not been confirmed, and as long as no 
procefs has been difcovered for decompofing 
this pretended oxide, to feparate the metal and 
oxigen from it, as has been done with all bodies 
which are clafTed among the order of metals, 
the opinion relative to the pretended metallic 
nature of barites, as well as of the other falifia- 
ble, and particularly earthy bafes, will be no- 
thing but a mere hypothefis. Its refemblance 
to fixed alkalis, at prefent fo natural, ftill de- 
prives this notion of part of its former 4) roba- 
bility. 

15. Barites in its fiate of purity, is only cm- 
ployed in chemical laboratories, for the forma- 
tion of falts^ and for eftimating the attraftions- 
of the bafes with the acids. Its folutions in 
water and in the acids, are employed as very ufe- 
ful re-agents. 

If 
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If we could fucceed in obtaining it abundantly 
and eafily, it would become very ufeful in the 
manufa6lures, for decompofing many falts, and 
obtaining their bafes pure, as I fliall fliow in 
feveral articles of the following feftipn. Al- 
ready have the late difcoveries to which it has 
given rife, its ftrong attraftions, its property of 
abforbing and folidifying water, and of acquir- 
ing a great degree of hardnefs in its extinflion, 
contributed to the progrefs of the fcience, and 
muft have an influence on the procefles of the 
arts. • - , 

Some phyficians have imagined that barites 
may be employed as a very energetic medicine; 
and, in fa^l, they have hitherto given it only 
combined with the muriatic acid. There is 
every reafon to believe, that this alkaline bafe, 
whsen pure, is a violent poifon> firxce when 
combined with the carbonic aci>i,; and having 
loft all its acrid tafle by this union, it fpeedily 
poifons animals, • Mamiferous animals which 
have been made to take it, have experienced 
acute pains, convulfions, vomiting, and death. 
Their ftomach and inteftines were inflamed, 
fpotted, fphacelous, and even, as it were, in fome 
parts corroded : its adminiftration in medicine 
muft, therefore, require great caution. 
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Article X. 

Of Pet-ajh. 

I. THERE has long be^n known in the 
arts and commeFce, under the name of pot^aihy 
an alkaline matter, acrid, burning, cauftic, de- 
li quefcent in air, which is prepared in th€ north 
of Europe, and in North America, byburmng 
the wood of their inexhauftible forefts, and cal- 
cining itsr afhes till they were made to expe- 
rience a more or lefe complete fufion; Tliis 
word is formed from two other Germaii wmA%y 
implying the njhes of pots, becaufe this dlkali 
was for a long time calcined in pots. This 
fpecies of alkali has alfo been defined by the 
names of fixed alkali, becaufe it^ was for a 
long time the only kind known, and confidered 
as the primary alkali; of alkali of nitre and 
alkali of tartar, becaufe it was often extraft- 
ed from thofe two fubftances ; of vegetable al- 
kali, and the fibred fait of plants, becaufe it was 
obtained in abundance from burned vegetables ; 
of deliquefcent alkali, becaufe it was fuppofed to 
be the only alkali which had the property of at- 
trading moifture from the air. A celebrated 
chemift at Berlin, very lately propofed to diftiu- 
guifh it by the fimple word alkali, the reafon 
for M'bich Avill foon be explained ; but this ex- 

preflion 
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preffion would not only thus he taketi away, in 
fome degl-ee, from the genus of thofe bafes 
which it charaderifes ; it would alfo be per- 
petuating an ancient error, fince the plant call- 
ed kali^ from which it derived its origin, is 
not that which furniihes this fpecies ; befides,: 
the word pot-afh was adopted twelve yearsr 
ago, and we ought not for an. inaccurate, and' 
even erroneous denomitiation, to abandon, one 
that is generally received. 

2, Pot-afli has only within a few years been 
knowB in its ftate of purity. It was Jiot till 
immediately after the difcovery of Black, rela^ 
live to the two ftates of alkaline fubftahcei?y^ 
tjieir caufticity, and mildnefs, Jls this celebrated 
chemift afferted, that exa6t notions were enter** 
tained of its properties ; and eighteen years 
fince I frequently warned the chemifts, that they 
had fcarcely ever obtained pot-afli verypure^ 
very cauftic, and well feparated from all f<3ir«igft 
matter, and poffeffing all the energy which cha^ 
radterifes it when it is properly prepared. W6 
are entirely ignorant of its charaQ;ers, its real 
caufticity, and all its diftin6l properties be*^ 
fore the difcovery of Black ; and fince this difcd- 
very, we long remained without giving it all its 
purity, all its caufticity, without depriving it bf 
all the carbonic acid which it generally con-* 
tains, and without feparating it entirely fjpom 
the earths and falts which are fo frequently 6oni* 
bined with it. Citizen BerthoHet was the 6t{t, 
who in 1787, defcribed an exa^l prooefs for oib-^ 
taining this alkali very pure ; and it was not 
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till fubfequent to this period that its properties 
were difcovered and defcribed. 

S. Pot-afli exifts very abundantly in nature; 
It was at firft extrafted from vegetables by 
their combuftion and incineration ; chemiits are 
ftill divided in opinion about its' exiftence in 
plants; fome imagine that it exifts ready 
formed, and that it is only extra6ted by the 
aftion of heat ; others believe that it is form- 
ed during the burning of vegetables, and 
while the aflies are ftrongly heated. It will 
be feen hereafter that the firft opinion was 
apparently better founded than the fecond^ 
Plants often afford a greater quantity of al- 
kali, the more they are foft ^and herbaceous; 
more is generally extrafted from tender than 
from hard wood ; a much greater quantity is 
fextrafted from fome plants than from others, 
and particularly more from the rind of fruits 
than from any other vegetable parts. Pot-aili 
is but leldom found in animal fubftanccs, and 
even then in very fmall quantities. M. Kla- 
proth, of Berlin, difcovered this alkali in Ven- 
tofe of . the fifth year of the French Republic, 
(March 1 797) in feveral volcanic produdions, 
even in a very confiderable portion, that of 
0,20 : his difcovery was afterwards confirmed 
at Paris by Citizen Vauquelin, and, there is 
Qvery reafon to believe that it will be extended 
to a great number of other foflils. 

Hence pot-afli is no longer an alkali peculiar 
to plants ; it exifts in minerals, and particularly 
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ill a great number of ftones and earths, whence 
there is reafon to believe it immediately paffes 
into vegetables by^their foots. It is never 
pure and infolated in natural fubftances, but al- 
ways- intimately combined, either with earths 
and in the ftony ftate, or with acids, and in 
the form of falts. 

4. Although the fubftances from which pot- 
afh is extracted may not have been treated in 
the order which has been here adopted, .it is 
neverthelefs indifpenfably neceflary to defcribe 
the manner in which this alkali is feparated, 
as it would be ridiculous to fpeak of pot- 
alh, which Nature never affords to chemifts 
in a pure (late, without indicating the means 
of preparing it. After having burned and re- 
duced to alhes, wood, herbs, bark, wild fruits, 
tartars, lees, &c. which would anfvVer no other 
purpofe, the afhes are lixiviated, the leys eva- 
porated to drynefs, and the fait, which pro- 
ceeds from it ignited in an oven or pots fuf- 
ficiently heated. The produce of this opera- 
tion is the potafh of commei:ce ; it is far from 
being pure. In order, therefore, to obtain it 
pure, it is mixed with double it weight of lime, 
and eight or ten times the total weight of the 
mixture of rain-water; this is boiled for two 
or three hours ; the ley is then filtered or drawn 
off clear, and tried by means of lime-water, 
which it fliould not precipitate, otherwife it 
TOUft be again paffed over quick lime. This ley 

is 
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is evaporated in a eaft-iron veffel, at a great heat, 
till it affumes the eonfiftence of clear honey, at 5Q 
degrees of cold. At this temperature fome rec-: 
tified alcohol is poured on at firft, about oner 
third the quantity of the pot-afh employed: 
the mixture is wellftirred, it is then heated and 
fufFered to boil for a few feconds, after which 
the whole is poured into a jar, where it is left 
to cool. The matter feparates into three layers j 
at the bottom the folid impurities are depolited j 
above thefe is an aqueous folutipn of. carbonate 
ofpot-afli, and at the top a liquor containing 
alcohol, and of a reddifli-brown colppr. This 
latter is decanted by a fyphon, and is a very 
pure folution of pot-afh in alcohol ; it ia re- 
ceived in a bafon of filver, or tinned copper j 
and evaporated rapidly, till, under a dry, black, 
and^ carbonaceous ftratum, which is formed at 
the furface, there is fef^n a liquor of an oily 
appearance, in quiet fufion which coagulates 
and becomes folid by cooling ; it is broken 
into fragments and inclofed in a phial. 

5. Pure potaihj thus extrafted from the pot- 
afh of commerce, is a white folid body, fuf- 
ceptible of cryftallizing in quadrangular prifms, 
which are comprelTcd, very long, and ter- 
minated by pointed pyramids. Thefe cryftals^ 
which are only obtained from very concen- 
trated folutions, are foft, not durable, and very 
deliquefcent. Their tafte is fo acrid, and their 
eaufticity fo great, that they diffolve and foften 

the 
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the ikin at the moment of touching"! t, and feels 
fat, and as it were foapy between the fingers. 
Pot-aA in this ftate, rapidly opens cauterie(5 : 
in pharmacy alfo, where however it is not ob- 
tained fo perfeiftly pure and cauftic, it is calfed 
the cauttrifing Jione. It diffolves and reduces 
into a faponaceous jelly, all foft animal mat- 
ters ; it changes green, and otherwife alters the 
oolour of violets, by caufmg it to pafs to a 
yellow-Wown- Its fpecific gravity is not 
knmenj becaufe it is impoffible to weigh it 
without change. 

6. Pot-afh does not a6l upon hght. Expofeci 
to heat in clofed veffels, it becomes foft, and 
fpeedily liquefies ; it takes the form of a cleajr 
mafS) but opaque and gTanulated if fuifered to 
grow cold. If the heat is continued,, it h^^ 
comes inflated, and is reduced to vapour whea 
red-hot , On opening the veffel which contains 
it, it is feen to rife in a white fmoke, which con^- 
denfes upon cold bodies, and afts iharply upon 
the lips and nofe when the vapour touches thefe 
parts : hence it is not a fixed alkali, as it was 
formerly called ; or at lead, it is only fo convf 
paratively to the fifth fpecies. Thus volatilized, 
the pot-aih docs not change its nature : it 
contra6ls a lightifh-green colour like barites. 
This colouring is not owing to the ea^-th of the 
crucibles, fince it takes place in crucibl<3s of 
filver or pl^ina. 

7. There is no adion between pot-afh an4 
pxigen gas, from which this alkali only carries 

off 
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off the water that it holds in folution; the 
fame efFe6l takes place with azote gas: thus 
the ^fFeft of air upon this alkali can neither be 
attributed to one nor the other of thefe bodies ; 
but rather to the water and carbonic acid con- 
tained in the atmofphere. Pot-aih, on being 
expofed to the atmofphere, powerfully attra6ls 
its moifture, refolves entirely into a liquor, 
gradually abforbs the carbonic acid, which fa- 
turates it, and caufes it ultimately to cryftalli2:e} 
it increafes in weight, and thus becomes ^* 
fervefcent with the acids : to preferve it alfo 
very pure and dry, it is neceffary to keep it in 
veffels exaftly clofed, Pot^afh, in this cafe, 
abforbs the water which is really diffolved in 
the air, and thus differs from the philofophical 
hygrometies, which only indicate the water 
that is precipitated ; on this account, when 
plunged into water cooled to 1 degrees -r- 0, 
it becomes foft, and even then diffolves, 
- 8t Pot-afh has no attradion for hidrogen j 
it neither abforbs nor feparates it from any 
body, not even from the caloric which held it 
in folution under the form of hidrogen gas. 
It will only be feen hereafter, tliat by a6lr 
ing upon the compounds, which contain at 
the fame time hidrogen and azote, .it favours 
their reciprocal combination, and produces 
ammonia when the proportion of azote is fufti- 
eient ; it is thus that it difengages an ammo- 
jiiacal odour from all animal matters, and 
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fome vegetable fubftances, at the inftant in 
which it foftens and diffolves them. 
' 9- We know not of any direft aftion be- 
tween pot-afli and carbon. Charcoal does not 
diffolve in this alkali, either at a hot or cold 
temperature; but it- is otherwife with carbon 
combined with hidrogen, which conftitutes the 
oily ftate, as will' be feen hereafter. The fame 
effeft, however, does not take place with car- 
bon "Vi^ith refpe6l to pot-afh, when it is once 
united with fulphur, as has been already obferv- 
ed, nor, perhaps, even with certain pieces of char- 
coal very much hidrogenated, of which it dif- 
folves a greater or lefs portion, when ftrongly 
Jieated with them a fufficient length of time. 
- 10. There ex ifts but a very feeble attraffion 
between pot-aih and phofphorus. Thefe two 
bodies only unite when they are heated without 
moifture in a crucible, or a glafs tube, as is 
cuftomary with the phofphorated combinations. 
Volatilized phofphorus paffes through heated 
pot-afh without combining with it. There is 
only formed a fmall quantity ^f phofphorated 
hidrogen, at the expence. of the water con- 
tained in the pot-afli. Although thefe two 
bodies have but a fmall tendency to combine, 
yet by heating them both with water, phofpho- 
rated hidrogen gas is obtained in coniiderable 
abundance, and by this reciprocal a6lion Citi- 
zen Gingembre firft obtained this remarkable 
fpecies of gas. It may here be perceived, that 
^V'ithout 3.ny fenfible union with the phofphorus, 

the 
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the pot-aih favours the decompofition of water 
by this combuftible body, by means of its at* 
traftion for the acidified phofphorus. After 
the experitnetit a portion of phofphate of pot- 
afli is alfo formed, correfponding to that of the 
phofphorated hidrogen gas obtained. This de- 
compofition is alfo aided by the attrailion of the 
phofphorus for oxigen and hidrogen. The 
phofphorated hidrogen gas which is difengaged, 
proves that the phofphorated hidrogen forms 
no union with the pot-afli. 

11. There is a much more powerful a^on 
between fulphur and pot-aflj, than between this 
alkali and phofphorus. On triturating at a cold 
temperature, folid pot-afh and the third of its 
weight of fulphur in pDwder, in a glafs or mar- 
ble mortar, thefe two fubflnnces fpeedily be* 
come hot; the fulphur lofes its yellow coloup 
and acquires a greenifh hue. A fetid fmell 
is difengaged, refembling garlick. The mix-^ 
ture attrafts moifture, and becomes fpft : it is, 
at length, almofl: entirely foluble in wat^r. If 
one part of fulphur in powder and two parts of 
pot-alh well mixed together, be heated in a cru- 
cible, the mixture melts long before it becomes 
red : by this procefs, fulphuret of pot-afh in a 
pure and dry ftate is obtained. This com- 
pound, which is fo frequently employed, and 
which was formerly denominated dry liver ^of 
fulphur, or liver of fulphur by the dry way, is 
not generally prepared in this manner in the 
laboratories of chemiftry and pharmacy. Long 
hereafter, on account of the fcarcity and dearnefe 

of 
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pf very pure pot-afh, fuch as is here deferibed, fo- 
lid fulphuret of pot-afti will be prepared with thi$ 
alkali, more or lefs impure. In general two parts 
of the pot-afh of commerce are melted with one 
part'of fulphur in a crucible. The pot-a/h em^p 
ployed, befides the earth and falts which it con-r 
|:ains, is alfo faturated with carbonic acid ; it 
is true, that at the moment in which it com- 
hine^ with the fulphur by fufioiij^this acid is 
difengaged with efiervefcence, and leaves the 
cauftic, or pure pot-afli to combine with the 
fulphur. Thus this fecond procefs may be rigo- 
roully pra6tifed like the firft ; only it is necef- 
fary to takp care that the mixture be not too 
ftrongly heated, that the fulphur may not be 
much volatilized, and to prevent the boiling oc- 
cafioned by the too fpeedy difengagement of 
the carbonic acid in a ftate of gas. When the 
fufion of the fubftances is complete, the fluid 
compound is poured off upon a polifhed flab 
of marble, or porphyry : it is covered with an 
earthen lid, left to grow cold, and then broken 
in pieces, which are immediately inclofed in 
glafs veflels, well flopped. 

12. The folid fulphuret of pot-afli, thus pre- 
pared, is of a tolerably bright brown colour, 
nearly fimilar to that of the livef of animals, in 
confequence of which it formerly received the 
name of liver of fulphur. It quickly becomes 
green when expofed to the air, and at length 
changes to grey, and even to white : it is denfe> 
^nd even vitreous on breaking, without any 

other 
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other fmell than that of Heated or fublimed ful- 
phur : it is acrid and cauftic, and leaves a brown 
fpot upon the fkin : its tafte is likewife very 
bitter. By a ftrong heat in aft earthen retort, 
it only gives out fulphur, and the pot-aih re- 
mains pure at the bottom of the veffel. All 
thefe properties take place only in thefe <:om- 
pounds when pure and recently prepared, but it 
is fo little permanent, and fo eafily decompofed 
by the conta6l of the atmofphere, and particu- 
larly by w^ter in vapour, and confeqiiently 
by humid air, it is fo ready to abforb water 
wherever it melts with this fluid, that fulphu- 
rated hidrogen gas may generally be drawn from 
it by diftillation, unlefs when ftrongly heated for 
a length of time in the fame veflel in which it 
was prepared. The fulphuret of pot-afh is very 
fufible ; it changes green, and deftroys a great 
number of vegetable colours ; it reddens animal 
matters with lefs power however, . than pot-afh 
alone. If it be heated dry with charcoal, it 
diflblves, and combines with it ; if treated 
with a dry acid, fuchasthephofphoric, boracic, 
and arfenical acids, in the vitreous form, it fe- 
parates from the fulphur without any fulphurat- 
ed hidrogen gas, and there remains a fait form* . 
cd by the acid employed, combined with the 
pot-afh. All this is applicable only to the ful- 
phuret of pot-afh formed by fufion, very recent, 
very folid, very pure, inodorant, and not 
changed by water or air. 

13. Its 
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1 3. Its properties, its attraftions, and efFefts 
vary even at the inftant at which the fulphuret of 
frot-afh touches or abforbs water, and as foon as 
the alteration which it undergoes adds hidrogen 
to its compofition ; at that time the brown co- 
lour changes to green ; its fulphureous fmell is 
fucceeded by an infupportable fetidnefs, rcfem- 
bUng the well-known ftench of rotten eggs, or 
that of (tones which have long remained at the 
bottom of a common fewer. It becomes fufcep- 
tible of giving out fulphurated hidrogen gas by 
diftillation with acids : the latter, when employ- 
ed in a liquid ftatc, fuddenly efFeft the fame 
changes in the fulphuret of pot-afh. When 
fulphurated hidrogen gas is defired, it is ra- 
pidly obtained in confiderable quantity, and 
by a quick ^ffervefcence, by throwing upon the 
fulphuret of pot-afh in powder fome muriatic 
acid, in the pneumato-clremical apparatus. It 
will readily be feen that thefe effefts are owing 
to the fudden decompofition of the water, effeft- 
ed by the fulphuret of pot-aih. On diffolving 
this compound in water, the attradion which poti- 
afh has for the oxigenated fulphur, or the fulphu- 
ricacid, a6ts by difpofmgathnity; the water is 
decompofed ; its oxigen is conveyed to the ful- 
phur, while another part of this body combines 
with the other principle pf water, hidrogen, and 
the force of this fecond combination unites with 
the firft to effefl: the decompofition of the water. 
This fulphurated hidiogeu combines with the 
Ailphur and the alkali, and forms an hidro- 
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genated fulphuret of pot-afli. Although wekfe 
ftill ignorant of the refpeftive attractions of 
the different earthy bafes for fulphur, compared 
to that of pot-afh for the fame combuftiWe body,, 
we know, however, that barit^s, lime, and ftron- 
tian, decompofe the fulphuret of pot-afli, and 
take pofTeffion of the fulphur. 

14. Sulphurated hidrogen gas, beiog very 
different in this refpe6l from phofphorated hidio* 
gen gas, readily combines with pot-afli ; when 
thia gas is paflTed into a folution of alkali, it is 
abforbed and condenfed; it faturates pot-afh, 
and forms the compound which Citizen Ejerthol- 
let was the firfl to defcribe, and which he de- 
nominated hidro'fulpkuret ofpof-ajh. This com- 
pound cryflallizes, and is more permanent than 
the fulphuret of pot-afli ; its cryflals are tranfpa-. 
rent, while the fulphur is brown and opaque. 
Heat and the acids decompofe it, and difen- 
gage fulphurated hidrogen gas without precipi- 
tating fulphur from it. The oxigenated mu- 
riatic acid decompofes the fulphurated hidro- 
gen, and feparates fulphur. Several metallic 
oxides alfo produce the fame effe6l, and heiuce 
the reafon why they fuddenly take aAv^ay the fmcU 
from the hidrogenated fulphuret of pot-afli. It 
is alfo necelTary to obferve here, that very pure 
hidro-fulphuret, without any fulphur foreign to 
the faturation of the hidrogen, has no odour, 
and that alkali appears to have more attraftiou 
for fulphurated hidrogen than for fulphur ; that 
lik^wlfe when it is fatur^ted with the form^r^ that 
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is to fay, 'when it is in the ftate of cryftallizablc 
and inodorous hidro-fulphuret of pot-afli, it 
^aniiot take any more fulphur; whereas, on 
the contrary, when fulphurated hidrogen gas 
is paifed into a folution of fulphuret of pot-afh 
ahready hidrogenated by the mere circumftance 
of its folution in water, as I have ihown, at a 
<5ertain degree of faturation the fulphurated hi- 
drogen a6is in the manner of the acids, precipi- 
tates the fulphur like them, difcolours the li- 
quor, decompofes all that is fulphuret, and at 
laft brings the alkali to the ftate of mere hidro- 
fulphuret of pot-afh. . 

15. Thefe ideas readily tend to explain what 
takes place when fulphur is united with alkali 
diffolved in water, or when, as was faid before, 
the liver of fulphur is prepared in the humid 
way. It will be feen that a fimple fulphuret of 
pot-aih only is fabricated in this way. Two 
parts of pot-aih, one part of fulphur, and fix 
times the total weight of this mixture of pure 
water, are put into a matrafs, the mixture is 
heated on a fand bath ; the aftion already be- 
gun between the pot-afh, the fulphur, and the 
water, by the heat produced at the moment of 
the union of the cauftic alkali and the water, 
continues and increafes by the accumulation of 
caloric ; the liquor affumes a yellow colour ; 
the fulphur apparently ditfolves with the alkali; 
a nightly fetid fmell is difcharged ; the colour 
^nd fetidnefs gradually increafe; an hidro- 
genated fulphuret of pot*afli is obtained^ which. 
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by the continued aftion of the fubflances of. 
which it is compofed depofits fulphur, at length 
lofes its colour, and becomes a pure hidro-ful- 
phuret of pot-afli without any fmell, becaufe the 
fulphurated hidrogen is united with it by the 
pot-afh, whereas being lefs adhefive in the fuU 
phuret, it has a tendtncy to difengage, and to 
take the gafeous form, which caufes the fe* 
tidnefs of thefe compounds. — What has been 
here faid refpefting the greater attradion of 
fulphurated hidrogen for pot-alh than that of 
fulphur for the fame alkali, and of the decom- 
pofition of the fulphuret of pot-afli by fulphurat- 
ed hidrogen, applies equally to the fimilar com- 
binations of fulphur with lime and barites. 

16, Pot-aih has no a6lion upon the diamond, 
neither in the dry way, nor the humid way, 
nor upon moft of the metallic fubftance^. 
The few effe6ls which take place between fome 
metals and pot-afh depend on the water, the .al- 
kali of which, by a difpofing attraftion favours 
the dccompofition by thefe combuftible bodies. 
In this cafe the metals are oxided ; there is a 
difengagement of hidrogen gas, and a more or 
lefs intimate combination between the oxides 
thus formed, and the pot-afli. Tlius it may 
be imagined, that ruft is much fooner pro- 
duced on fome metals plunged in alkaline \tt%^ 
than on the fame metal* fimply foaked and 
covered with water. 

17. Water is one of tbofe bodies for which 
pot-afh has the greateft attraftion. When tl.is 
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alkali is mixed in powder with the fourth of its 
weight of ice congealed at 0, there is almoft 
an immediate fufion of the ice and the folution " 
of pot-afli ; the caloric abforbed by the liquefied 
bodies, caufes the thermoirreter to fall feveral 
degrees below ; which evidently depends upon 
the quantity of water of cryftallization contain- 
ed in the pot-afli, and that infteadof condenfing 
the water of folution, and expelling its caloric, 
as would be the cafe if the alkali were perfectly 
dry, it only diffolves, as a cryftallized fait would 
have done, and then requires an abforption of 
caloric to become liquid. Some modern che- 
mifis employ a mixture of cryftallized pot-aih 
and ice, for the purpofe of producing artificial 
cold, ufeful in fome experiments ; but this me- 
thod has the inconvenience of being very ex- 
penfive, on account of the extreme dearnefs of 
the alkali. There are other means much leii 
coftly, which I fhall defcribe. 

Liquid water at ten degrees of temperature 
diffolves, with much energy, pot-afh well dried 
and recently prepared. When this pot-afli is 
thrown in powder into water, the alkali begins 
by abforbing a part of the liquid, and by form- 
ing, at the bottom of the vefTel, a folid mafs, 
in a piece : which effe6l takes place at the com- 
mencement of all the folutions of folid bodies, 
even that of fugar in water. Very foon, Ixow- 
ever, and particularly by the aid of ag-itation, 
the water penetrates, and feparates the particles 
from the mafs which melts in this liquid. Half 
• Vol. IL " U aprt 
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a part of water is fufficient for liquefying oiie 
part of pot-afh. In proportion as this folution 
takes place, caloric is difengaged, and the 
liquid which is formed poffeffes a confiderable 
denfity. The heat which is developed during 
the folution, is fufficient for driving off a little 
pot-afh with the water in vapour : hence the 
fmell of the ley which is exhaled, and the pro- 
perty which this vapour poffeffes of changing 
paper green with is tinged with mallows. The 
fame phenomenon has been obferved in the ex- 
tinftion of lime. The folution of pot-afli is co- 
lourlefs when it contains no vegetable or animal 
fubftance : it is clear, tranfparentj and leaves no 
predpitate. To feparate the pot-aih from its 
folvent, it is cuftomary to recommend the liquor 
to be evaporated in clofed veffels, left it ihould 
attraft the carbonic acid of the atmofphere. 
But this does not fucceed in glafs veffels, becaufe 
liquid alkali attacks glafs, and becaufe when 
the liquor is denfe it forms bubbles, which are 
agitated and frequently caufe the veffels to 
break, and, in fhort, becaufe folid pot-afh ad- 
heres fo ftrorigly to glafs, that it cannot be de- 
tached from it. On evaporating it very rapid- 
ly in the air, as has already been faid, the ftrong 
vapour which arifes prevents the abforption of 
the carbonic acid. 

18. Liquid pot-afli unites Avith feveral metal- 
lie oxides, which it renders foluble in water, and 
which faturateit in the manner of acids, fuchas 
thofe of antimony und zinc : fome others un-p- 
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dergo a flight change in their nature by its coijl- 
ta6l, and approach to the metallic ftate on lofing 
a portion of x)xigen, fuch as the green oxide of 
copper ; but there are fome which abforb a great- 
er q^antity^ as the oxide of manganefe. It was. 
imagined that a means of decompofing this al- 
Jkali could be found in the aftion of niet^llic 
oxides upo^ pot-afli ; and the formation of ni- 
tric acid was fuppofed to be perceptible, and 
confequen^ly the prefence of azote in pot-aih tp 
l>e proved : but this refult was not obt^-ined by 
Citizens Vauquelin and Hecht. Hence the rea- 
foxi, why I have already iaid that there is no 
fa6i; which proves, with certainty, the prefence 
of azote as the alkaligen in the fixed alkalis. 

:19. All the acids, with the exception of the 
oxigenated muriatic, readily combine with pot- 
aih, and form with it falts which will be atten- 
;tively e^camined in the following fe^lion. It 
will here be fufficient to ftate the order of thp 
attra6iion.s of pot-aih for the different acids ; 
and the analogy of fuch attraftions with thofe 
of other lalifiable bafe? for the fame bodies. 
Experience has proved that, with refpefl; to their 
adherence for pot-afli, the acids ought to be 
placed in the following order, beginning wjth 
the ftrongeft: the fulphuric, nitric, muriatic, 
phofphoric, phofphoreous, fluoric, fulphureous, 
boracic, nitrous, and carbonic acids. As to the 
place which pot-afli holds, compared with thd 
other acidifiable bafes, i\ is always after barites, 
4noft frequently before limey always before ftron- 

U 2 tian, 



2^2 POT-ASH. 

tian, ammonia, magnefia, glucine, alumine, zir* 
cone, and lilex. 

20. Pot-afli combines with filex by the dry 
way, and diflblves It by fufion ; it then forms a 
tranfparent body, knoAvn by the name of ^lafs, 
which varies in its nature according to the pro- 
portion of fand and alkali. Two or three parts 
of pot-afli to one of filex form a brittle glafs, 
deliquefcent in the air, foluble in water, the 
folution of which formerly bore the name of 
liquor ofjiints^ and which is, at prefent, deno- 
minated filicated pot-afli. It depofits, after a 
length of time, the earth which it contains, often 
in foft and gelatinous flakes ; the acids decora- 
pofe it, by taking poffeflion of the pot-afh, and 
feparating the earth from it, under the form o£ 
white and very fine powder, which when well 
walhed, is pure filex. Sometimes, if the folution 
be diluted with a quantity of Avater, and much 
more acid be added, than isneceflary to faturate 
the alkali, the fijex remains in folution, particu- 
larly in the muriatic acid ; but it is precipitated 
from it by the action of caloric alone. Thus 
depofited, the filex is ftill unchanged ; and it is 
by an error, which originated from a folution of 
part of the earth of the crucibles by alkali, that 
it was formerly fuppofed to be in part converted 
into alumine by the a6lion of the pot-afli. 
Glafs differs from filicated pot-afh only by a 
greater proportion of filex. The art of making 
it confifts in the choice of pure fand, as well as 
pot-aft, their proportion, their complete fufion 

by 
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by means of a fufficient heat, and long enough 
continued to have no bubbles, veins, nor threads, 
and fo that it fhall be tranfparent, very hard, - 
and unchangeable in air. A fmall quantity of 
alumine, lime, and certain metallic oxides are 
often added, to render it more hard and homo- 
geneous, of a more equal fufion, of a more per- 
fe6l tranfparency and Avhitenefs. It is on ac- 
count of this evident aclion upon filex, that 
pot-afh is employed for analyfmg hard ftones, 
as I fliall elfewhere explain. Liquid pot-afli 
alfo attacks glafs in fo fenfible a manner, that 
when preferved for a length of time in bottles> 
and decanters, it corrodes and deftroys them, 
and thus becomes loaded with filicated earth, 

21. The a6lion of this fixed alkali upon alu^ 
mine is ftill ftronger than upon filex ; it dif- 
folves it by the dry and the humid way ; it is 
better faturated with it, diffolves more of it, and 
lofes more of its own properties in this union. 
It even appears that alumine decompofes filicat- 
ed pot-afh. By the dry way, alumine melts 
into a more or lefs opaque frit, with pot-afh ; 
a certain dofe of filex being added gives it 
tranfparence. Liquid pot-afh abundantly dif- 
folves alumine diffufed in water, and takes up 
a great quantity of it. It is by this flrong ac-r 
tion that alumine differs from filex. This pro-^ 
perty may even be employed for feparating the 
former from the latter, an^l particularly froni^ 
other earths which are mnich l?fs foluble in pot-^ 
^fh than filex, 

32. Potrafli 
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^2. Pot-afti has no adion, n6 folvent proper- 
ty upon zircone. Thefe two bodies when heat- 
ed, do hot combine ; they do not melt togtJther ; 
the melted pot-afli remains feparate. This in- 
aSlion is taken advantage of, for feparating 
alumine and (ilex from zircone in the analyfis of 
ftones. The perfeQ; infolubility of zircone in 
pot-afh, is one of the dillindtive cham6l:ers of 
that earth. It is the fame with glucine as witli 
zircone, with refpeO; to its infolubility in pot- 
dfli. 

Q3. There is no attra6lion between pot-afli 
And the two alkaline earths. Magnefia and 
lime do not, in any manner, combine with pot- 
afh, either in the dry or the humid way. This 
alkali, therefore, becomes a very ufeful re-agent 
for feparating either filex or alumine from thofe 
two earths, when they are mixed or combined 
together. 

24. Though I have obferved that the nature 
of pot-afh is not known, and that a. few ideas 
only were entertained relative to its intimate 
Compofition, I ought not to omit mentioning, 
in this place, a fact, perhaps illufory, fince I 
have only feen it once, and in the fmall way, 
\vhich is capable of direfting us in a way to 
arrive at a more certain refult. Havinsr ex- 
pofed liquid hidrogenated fulphuret of limie in a 
receiver, to atmofpheric air, I found the air 
ameliorated after forhe hours, and cotitaining 
lefs azote gas, atid more Oxigen gas, and the 
fulphuret at lafl afforded me traces of pot-afh : 

fuch 



POT-AJBH. 695 

fuch is the origin of the opinion which I long 
ago propofed, as to the compofition of this al- 
kali by lim6 and azote. But I ought to obferve 
that as this affertion can only yet be confidered 
as a fufpicion, and not as a verified fa6l, i here 
only mention it, in order to induce chemifts to 
profit by the opportunities they might have of 
confirming or refuting it. 

25. Although we are ignorant of the compo- 
fition and principles of pot-afh, the properties 
that have been difcbvered in it, mod of which 
I have already defcribed here, have rendered it 
one of the mofi: ufeful inftruments to chemifl:s, 
and have much influence on the principles of 
the fcience. It is one of the mofl; important 
agents in a great number of modern analyfes as 
will befeen in thefequel; it guides the fl:eps of 
mineralogifts in the claffification of ftoiies, by 
the facility with which it is employed in their 
decompofition. 

In medicine it is one of .the moll important 
and powerful medicines which can be employ* 
ed, as afolvent, cauftic, lithontriptic and afthe* 
nic : its efFe6ls which are fometimes too active 
fometimes even poifonous, are quickly deftroy* 
ed by the acids, oils, and fatty fubftances. 

It renders a number of fervices to the arts of . 
glafs-making, bleaching, fo^-p-making, doci- 
macy, the purification of falt-petrc^, paper-mak- 
ing, printing, painting, &c. Its application 
will be fliown as an opportunity fhall be afford- 
ed liereafter. It will be fufficient to (late here 
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in general, that pot-aih, fo ufeful to men in a 
ftate of fociety, and which contributes in fo 
many ways to their welfare, ought to be ufed and 
confidered as a very precious article in countries 
where there is not much wood ; and that means 
ought to be taken to reftore it after the ufe to 
which it has been deftined, that it may not be 
loft, as is too often the cafe ; and to give it a^ain, 
by evaporation and calcination, the fame form 
and the fame adivity which it poffelTed before it 
was employed* This economical practice ought 
not to be negle6led in the trades and manu- 
factures, where there is a great Confumption of 
pot-alh, and where it is an article of (confiderable 
expence. 



Article II. 
Of Soda. 

1. THE name of foda, like that of pot-afh, 
is adopted in commerce : it denotes that fpecies 
of fixed alkali which is extraded from the ma- 
rine plant, called kali or foude^ in French. This 
alkali was formerly called caujiic mineral alkali^ 
marine alkali^ lei/, or liquor of Jbap-makerSy 
becaufe it was fuppofed to be more abundant 
than the other among minerals, and becaufe it 

forms 
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forms a part of marine fait, and is preferred to 
pot-afli in the preparation of foap. lu order 
not to confound the foda which I am to de- 
fcribe here, or foda in its ftate of purity, with 
the imptire alkali mixed with a number of fub- 
ftances, and combined even with an acid, fuch as 
it is prepared in the large way, for the purpofe 
of the arts, and which is afforded in commerce, 
— the word . foda alone will be employed for the 
firft, and the latter will be denominated foda of 
commerce. 

2. Soda, as a fpecies of fixed alkali different 
from pot-afh, has only been difcovered and dif-- 
tinguifhed from the latter fince the middle of the 
eighteenth century. After having been pointed 
out in the ninth century by Geber, the Arabian, 
it was fo confounded with the alkali extrafted 
from common plants, that in 1750, the fait, form- 
ed by art with the muriatic acid and pot-afli, 
was called regenerated marine fait. Pott, Mar- 
graff, and Duhamel, deflroyed this confufion, 
and made a proper diftinftion between thefe two 
alkalis, fince the period alluded to. But pure 
foda was flill unknown, though it was diflin- 
guifhed from pot-afh, before chemifls were con- 
vinced that it was rendered mild, and faturated 
by an acid in its flate of commerce, and that it is 
neceffary to deprive it of this body, to obtain 
it pure and infulated. The chara6ler alfo of cauf- 
ingeffervefcence with the acids, was likewife giv- 
en to it, as well as to pot-afh, before the carbonic 
acid wg.? known j though it is neceffary to de- 
prive 
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prive it of this acid, and to take away its efFer- 
vefcent property, in order to have it pure. 
Nor was the difference between ttie attraftions 
of foda and thofe of pot-afli know;n before the 
inquiries of Bergmann. ' All this information 
being once acquired, no farther obfcurity re- 
mained as to this fpecies of fixed alkali. 

3. Soda exifts native like pot-aih, but not 
more pure or infulated than the latter : it is al- 
ways combined either with the different acids, 
particularly the muriatic, carbonic, fulphur- 
ic, and phofphoric, in the interior parts, or 
at the furface of the earth, in foflile falts, in 
the waters of the fea, and faline fprings, or in 
vegetable or animal juices. That which, com- 
bined with the carbonic acid, fo frequently 
and abundantly prcfents itfelf, in the form of 
faline efflorefcence, at the furface of the earth 
in Egypt, or the plains of the Delta, irrigated by 
the waters of the Nile, upon old fubterraneous 
walls, ruins of buildings, &c. is the moft pure; 
it is only neceffary to deprive it of the carbonic 
acid it contains to extract foda in its perfeft 
ftate. The enormous quantity which Nature 
has placed in the fait of the fea and of faline 
fprings, is more difficult to be feparated, though 
this point has been gained by art, by the af- 
fiilance of feveral proceffes, which will be de- 
fcribed hereafter under the article of this fait 
The foda mofl generally employed at prefent, 
is extrafted from feveral plants which grow in 
the fea. 

4. It 
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4. It is the genus of vegetables denominated 
falfola by Lirinseus, and particularly the fpe- 
cies called /orftf, which grows wafhed by the fea 
water, that fumiflies this kind of alkali. This 
plant, when examined by Citizen Vauquelin, 
atforded foda combined with a vegeto-animal 
fubftance; which it was neceflary to deftroy by 
the a6Kon of heat. After having been coUefted 
iii heaps oti the banks of the fea, and left to dry 
by the contaft of the air, it is burned, and the 
aihes aire calcined fufficiently to caufe vitrifiqa- 
tron to begin, care being taken to agitate it in 
the air, in order to deftroy as much of the car- 
bonaceous matter as poffible. When cooled, 
theft aflies, being well calcined, and half vitrified, 
prefttit folid maffes of a greater or lefs fize, of a 
bluifli or blackifh-grey colour, denfe or porous, 
Kif a faline, actid, and bitter tafte, mixed with 
charcoal, Hones, and flints, and containing, be- 
fides the foda almoft faturated with carbonic 
acid formed by the combuftion of carbon, a 
variety of falts, oxide of iron, fome alumine, 
filex, and different foreign bodies. The beft 
foda of commerce, however, is that made at 
Alicant, as it contains moft alkali. In other 
maritime vicinities, and particularly at Cher- 
burg, and on the coafts of the ci-devant pro- 
vince of Normandy, they burn and calcine in 
the fame manner, the algas, fucus, varechs, and 
feveral other marine vegetable produdlions, 
which afford an afh much lefs rich in foda than 
that of Alicant : it is known in commerce, by 

the 
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the name of foda of Cherburg. Tliefe alkaline 
and impure aflies of commeixe, are alfo indif- 
ferentiy, and very improipeTly called Jhlicoty fall- 
come, alun-marie, alun-catin, &c. 

5. Thefe kinds of foda of commerce, are very 
impure, and much mixed, though fit for many 
ufes in the arts ; that which is even far more 
pure and rich in alkali, which is extrafted from 
marine fait, by the proceffes that will bepoint- 
^€d tmt in the hiftory of this falt^ ought to be 
treated by the fame chemical means aspot-afli, 
to be brought to the ftate of pure foda. The 
fodas of commerce are waihed with cold water, 
the leys are evaporated to drynefs in veffels 
which cannot communicate to them any thing 
of a foreign nature; and the fait obtained by eva- 
poration, which when it has been well prepared, 
is fcarcely any thing but foda, faturated with 
carbonic acid, is then mixed with quick-lime. 
The mixture is diluted with water, and ftronsrlv 
agitated; this fecondley is' evaporated, and fome 
alcohol is added : the portion diffolved by this 
inflammable liquid is feparated from foreign 
bodies, and particularly from the aqueous liquor 
which is below it ; this folutiou with alcohol is 
then evaporated ; and after taking- off the thick 
and carbonaceous cruft which is formed at the 
furface, the liquor is then brought to the ftate 
of a thick and an un6iuous oil, remaining in a 
tranquil folutidn, and becoming folid by cool- 
ing : this is poured off into veiTels of pottery, 
or porcelain, where it is left to congeal, that it 

may 
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may be afterwards broken, and enclofed in well- 
ftopped bottles. It will be feen, that this is 
abfolutely the fame procefs as that pointed out 
for the extraction and purification of pot-afh. 
It confifts in depriving the foda, firft feparated 
from foreign bodies by cold water, of the car- 
bonic acid which fatur^ates it, by means of the 
lime, and diffolving it alone, and without any 
mixture either of earths of other falts, by alco- 
hol, which on diffolving it, feparates even from 
the. portion of water that holds the portion of 
carbonate of foda and falts that have efcaped, 
arid laftly, in volatilizing the latter folvent, to 
obtain foda very pure, in the folid, and even 
cryftalline form. ?? 

6. Soda thus purified and extra6led, is com- 
monly in the form of folid plates, of a grey- 
ifh- white colour, a burning caufticity, and an 
urinous tafte, like pot-afli. Like the latter, 
when its alcoholic folution is evaporated, it 
takes the form of prifmatic and elongated 
cryftals, of a foft confiftence, and retaining- 
much of the water of cryftallization : this dif- 
ference between which and thofe of pot-afli has 
not yet been exaftly determined, though it is 
well known that they have not the feme primi- 
tive figure ; they are, befid)es, fo changeable and 
fa little permanent, that they alter even while 
under obfervation. Soda a6ls with much ac- 
tivity upon animal fubftances and diffolves 
them. It changes the blue colour of violets, 

and 
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and turns to numb/er of other vegetable colours 
green. h. 

7. Light exerts no a^ion upon foda. Ca* 
loric foftens and quixikiy melts it : it liquefies 
by lieat like an oily fubftance, boils, and is re-* 
duced to vapour when ignited. This vapour is 
merely foda without alteration ; it is jEucnd au4 
cauterifes the {kin. In a filver erucible, foda 
when long heated, acquires a gr^eniih colour ; 
to wliatever degree of heat it may be exposed, it 
does not change its nature ; it appears to be a 
little more fufible than pot-afh. 

8. It has no a6lion upon oxigen in: a fiate 
of gas, or combiued with burned bodies, »or 
upon azote ^ when moiftened only with the 
water, which it acquires from thofe two gafeous 
bodies, it does not change either their nature or 
their properties. Soda, like pot-aib, when tritu- 
rated with fubftances containing azote combin- 
ed with hidrogen, favours the binary combina- 
tion and the formation of ammonia, by uniting 
itfelf with the remaining parts of thefe fubftances 
that have become more or lefs oleaginous, as will 
be accounted for hereafter, relative to its ac- 
tion upon animal matters. In air, without ad- 
ing upon the oxigen and azote gafes, foda only 
abforbs the water that is dilTolved in it, and the 
carbonic acid that is mixed with it ; it becomes 
jnoift and foft, but does not liquefy intirely like 
pot-afh. It never fonns any thing in the at- 
inofpliere but a kind of foft pafte, which dries on 
bcijig expofed for fome days to the air, when 

the 
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the air itfelf becomes dry ; at this period the foda, 
whitens, dries, cryftallizes, and efflorefces. This 
is a confequence of the abforption of the car- 
bonic acid of which it requires niuch lefs to 
faturate it than pot-aih. We may, therefore, 
by the mere phenomena which attend their ex- 
pofition to the air, diftinguifli foda from pot-afli. 
It may thus alfo be feen, that in order to pre- 
fer ve foda pure, it muft be kept in well-clofed 
veffels. "^ 

9. H idrogen and carbon, each i n their infulat- 
ed (late, have no att ration for foda, which does 

"^ot ad either upon the former in a ftate of gas, 
or upon the latter when folid, at whatever tem- 
perature they m^y be expofed. It -appeals, 
however, fufceptible of combining, in fome in- 
ilasEices, with carbonated hidrogen, as will be 
ftjen hereafter. It does not combine more fen- 
fibly witii phofphorus, and no phofphui'et can 
be formed eit:her in the dry or the humid 
way. When phofphorus is heated in a ley of 
foda, there is only a formation and difengage- 
ment of phofphorated hidrogen gas, which 
feparates, as will be feen, without combining 
with the alkali ; this inadion xefembles th|t 
wbiph has been obferved in tlie hiftoxy of pot- 
aih. 

10. Sulphur eafily combines with foda by 
£mpie trituration, by fufion, and in the humid 
fway. In the two firft iuftances the cauftic fiilt 
phuret of foda is formed, w?hich is decompofable 
by heat, by the acids, and decompofes water like 

the 
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the fdlphuret of pot-afli ; in the third, a fetid 
hidrogenated fulphuret is obtained, from which 
fulphurated hidrogen gas is difengaged by the 
acids. All that has been faid upon this kind of 
fulphurated alkaline combination under the ar- 
ticles of barites and pot-afli, upon the difference 
between fulphurets made in the dry and thofe 
made in the humid way, of pure, compared with 
hidrogenated fulphurets, of the decompofition of 
fulphurets, and the precipitation of fulphur by 
fulphurated hidrogen gas, muft be applied here, 
and joined to the properties of foda already 
known. There is a perfeft parity between thefe 
three alkalis when very pure, with refpe6l to their 
comparative aftion upon fulphur, and the va- 
rious compounds they are capable /of forming 
with this combuftible, and nothing can he add- 
ed to what has been faid in the articles of barites 
and pot-aih. Soda combines equally with ful- 
phurated hidrogen gas, condenfes and abforbs it, 
forms with it a cryftallizable hidro-fulphuret of 
foda, which is colourlefs, inodorous, foluble, more 
permanent in the air than the fimple fulphuret 
and the hidrogenated fulphuret, decompofable 
by the metallic oxides and the acids, which fe- 
parate it frequently in cryftals from the liquid 
hidrogenated fulphurets, and whicn, though 
analogous to that of pot-afli, ncverthelefs differs 
from it by fome individual properties. Soda 
appears to have lefs attraction for fulphur and 
fulphurated hidrogen than pot-afh, and particu- 
larly lefs than lime and barites. 

11. The 
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1 1 . The action of focla upon the diamond, 
and upon metals, is abfolutely none. When it 
is united to water, it facilitates the decompofi- 
tion of that oxide, by fome metallic fubftances ; 
it gives rife to the difengagement of hidrogen 
gas, and to the oxidation of tliofe metals, of 
which it then diffolves a portion of the oxides. 

12. Soda has a ftrong attradlion for water. 
If this alkali when very dry, be anoiftened, it 
abforbs, and renders the water folid with aftivi- 
ty, difengaging from it a quantity of caloric. 
By adding more water than it can abforb or fo- 
lidify, it diffolves with heat, and the difengage- 
ment of a lixivial odour, owing to a portion of 
foda which is raifed in vapour with the volati- 
lized water. We are affured of this latter faft, 
by expofmg to this vapour paper tinged with 
mallows or turmeric ; the former is changed to 
green ; the latter paifes by its conta6l from yel- 
low to a reddifli-brown. A thick folution of 
foda affords, when left to cool, after having been 
rapidly heated and evaporated, elongated and 
foft cryftals. Soda cannot be obtained pure and 
folid from this folution, except by evaporating 
it at a great heat in a bafon of filver, or tinned 
copper ;^ the very abundant aqueous vapour 
which then arifes, really takes off the coritaft of 
air, and oppofes itfelf to the abforption of atmo- 
fpheric carbonic aciij. Topreferve this folu- 
tion of foda very cauftic, it ought to be kept in 
glafs veffels well flopped ; it, ne*;erthelef>, a6ls 
upon the fubflance of glafs, which it corrodes 
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and fenders very brittle by the changes of tem- 
perature. I have many times feen glafs bottle* 
in which leys of cauftic pot-aih, or foda, wer§ 
inclofed, and left upo» a certaiH quantity of 
quick-lime to afcertai« ite eaufticity, efack ho- 
rizontally at the lower part ncai: the bottom, 
conftantly in the fame place, and thus let out 
the fluid they contained. 

13. Soda combines with certain meballic ox- 
ides wliich faturate it in* the manner o£ acids. 
There are fome of Avhich it feems to favour tbc 
difoxidation ; othei-s appear^ on thfi Gontiar}V 
to acquire by its contaft, a ftrongcB tendency 
to unite Avith oxigen. This Becipuocal aftion^ 
therefore, fingularly varies, according to the 
diifference of the metallic oxides,, ilieii: various 
ftates of combination with oxigen^ and theiF 
attradion for this principle ; it will be fpoken 
©f under the hiftory of metals. This is, bow- 
ever, the fame phenomenoa as takes plac'e with 
pot-alh.- It has* been expefted, but this expec- 
tation has not yet led to any ufeful' refult, tliat 
the metallic oxides might fcrve to explain the 
conftituent principles of foda,. by effe&ling its 
analyfis: but hitherto this, has pBOved only au. 
illufion, as it has with pot-aili, 

14. All the acids,, except the ^xigenated mu- 
Tiatic^. readily combine with foda. From this 
union falts are produced, which will be ex- 
amined in the following fc6lion. The order of 
attractions of this alkali for the different acids- 
is the fame as that of tlie attradions of pot-aih 
for the fame bodies^ They are, in general^ 

weaker 
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weaker tlian thofe of pot-afli, which feparates 
foda fro0i aU the faline compounds of which it 
forms a part. Soda, therefore, ought to he 
placed immediately hclow pot-afh, and conse- 
quently in the fecond rank, below barites in 
the table of their mutual and comparative at- 
tradions for the acids. 

15. Soda combines very eafily with filex by 
the dry way, and converts it into glafs : it even 
diffolves this earth by fufion with more facility 
than it is diffolved by pot-afli : it is, therefore, 
preferred by glafs makers. The notions which 
have been given relative to the nature and fa- 
brication of glafs, under the article of pot-afli, 
Hiuft be applied here. It will only be ne- 
ceflary to add tliat foda, or the fixed alkali in 
general, which is engaged in this vitreous com- 
bination with filex, not only lofes its deli- 
quefcent foluble property, &c. but it is alfo 
very difficult to be Separated from it by the 
acids, fince the latter, when contained in veffels 
of glafs, only alter it in a very fmall degree, 
and becaufe they muft long be left in contaO*, 
.and even made to boil over glafs reduced to very 

fine particles, in order to prove the prefence of 
alkali in that compound, and particularly to 
afcertain its quantity. Soda diffolves filex when 
well pulverized, even in the humid way, like 
pot-aih, and the earth is feparated from it by 
means of the acids. 

16. Alumine is alfo readily attacked and 
eafily foluble by foda : it is more foluble by 

X 2 foda 
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' foda than filex is by pdt-afh; and it has a great- 
er attraction than the former earth for the two 
fixM alkalrs. Soda may, therefore, be employ- 
ed like pot-afh for diflblving and feparating 
alumine from glucine and zircone, as foda does 
not diffolve thefe better than pot-afh does. By 
thefe properties, it niay fcpve, like the latter, for 
the analyfis^ of ftotie^. 

17' Soda has no attra6lion for the two alkav 
line earths, and forms no union either with mag^- 
liefia or lime ; it does not a6t upon them either 
in the dry or humid -way ; it has more attrac- 
tion for the acids than thofe alkaline earths ; 
fromf which it completely feparat^s them. 

1 8. There is no known aftiom between foda, 
barites, and poD-aih ; they mix, howerer, and 
are confounded by fufion, and by folution In 
Water; but on expofing this folutlion to the air, 
the barites, which forms dry pellicles at the 
•fiiiface, may be feparated, and on evaporating 
the rcfiduum to drynefe, the pot-afh may be 
obtained in an infulated ftate, whieh liquefies 
in the air while the foda dries in it. The acith 
are employed with ftill more advantage for this 
feparation, on account of the different falts that 
the three alkaline bafes make with thofe bodies, 
and of the various degrees of cryftallizability 
and folubility of thofe falts, &c. 

19. If we compare the properties of foda 
with thofe of pot-afh, it wilf be found that m 
thieir ffate of purity or infulation, there are the 
greateft and ftrongeft analogies between them^ 

and 
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-and almoft tlie fame as is obferved 1>etweeri ba- 
o^ites and ftrontiaiu There is fcarcely any faO: 
Jbut the non-deliquefcence and the want of 
foftening in the air, by which 4t can be.diftjn- 
•guifhed from pot-afli ; much pra6tice in expe- 
TJments with thefe two alkalis is alfo neceffaiy, 
in order to learn how to diftinguifh them, un- 
lefs they are combined with the acids, and their 
/aline compoimd-s examined, which afford very 
-fenfible differences between them. ^ . . 

, 20. The intimate nature of foda is np bettei^ 
Jcnown than that of pot-afh. Some fafts and 
analogies have induced me to think, for feveral 
^ears ,paii, .that foda is formed of magnefia 
Saturated with azote. My opinion, in this re- 
Ipeft, principally refted upon the conflancy 
.with which this earth accompanies foda in wa- 
fers, and the various compoufids of which that 
alkali focms^ajpait, ^^articula^ly in animal mat- 
4:ers and marine iprodud^. Citizen Vauquelin. 
-found magnefia in p;bundance in the afhes of 
the Salfola foda. rSeveral chemiAs have adopt- 
ed myconjedure. Lorgna has given a parti- 
cular defcription of a feries of experiments, from 
which it appears, that a great quantity of mag- 
nefia may be bbtained during the extraftion and 
purification of foda. But I ought to add, that 
no fa6i: dire6l or ppfitive, no ex;periment fyn- 
thetical or analytical, has hitherto proved this 
affcrtion. I ought alfo to obferve that, for my 
own part, I confider it only as an hypothefis, 
.which ought not to be confounded with the 
ipxad acquifitions of fcience* 

21. The 
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SI. Tlie precife knowledge of foda, particu- 
laaiy fince the late difcoveries of modern che- 
xnifts, fince the art of bringing it to a great de- 
gi-ee of purity unknown to philofophers till the 
period when Citizen BerthoUet defcribed the 
ufe of alcohol in this preparation, have already 
had, and will continue to havea very great in- 
fluence on the progrefs of the human mind. 
The part that foda acls in chemical phenomena 
has certainly extended, and cannot fail fiill far* 
ther to. extend a light which muft contribute, 
in a fingubir degree to the progrefs of fcience, 
and equally conduce to the perfedion of the 
chemical arts. Few chemifts, however, have 
yet prepared and examined pot-aih, or foda very 
pure, and moft of them ftill daily take for thefe 
alkalis, impure matters which retain carbonic 
acid, filex, alumine, and falts, and which con- 
fequently have not all the energy or a^ivity of 
thofe alkalis. They are, alfo, ftill unacquainted 
Avith the methods of obtaining every poffible 
advantage from this agent, notwithftanding 
the important means of analyfis which it af- 
fords. 

22. Soda may be ufed for the fame purpofes 
as pot-afli, and may be employed like it in tb^ 
arts. Accordingly it is frequently ufed as a fub- 
ftitute for pot-afli. It ads, like the latter, 
upon animal fubftances, is externally cauftic, 
and internally folvent and lithontriptic ; it is 
made ufe of in medicine for the fame indica- 
tions. It even appears to be pr^femble to poU 

alii 
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a8i te a ttie^icine, on account of its analogy 
^v^ith animal fubftances, which always contain 
it, while, on the contiary, no poition of pot- 
^fli is found in tiiem. Some phyfiologifts have 
imagined that the pot-aih, contained in all ali- 
ihentary vegefc^Jbles, is converted into foda by 
the procds of animalization ; but thi*^ idea is not 
yet confirmed by any accurate experiment 

Soda is employed in many of the arts. It , 
is particuljwly u&ful in the manufafture of glafs 
and 'foap, in leys, dyeing, and the preparation 
<xf Fruifian Wuc, lacquers, and paper. It is 
often prefeaired to ppt-afli in moft of ^the ma^it- 
iu6l;ures, becanfe it is milder, much iefs acrid^ 
^nd is not capable like that aikaii of attacking, 
<^r weakening, the textui-e of piece goods, or <rf 
corrodipg aaid deftroying utenfils of wood, nue^ 
tal, &C. 



Articjle XILu 



Of Strontiun. 



A FEW years ago, when the properties of 
(Irontian were difcovered, aiKl this fubilance 
was diftinguifhed from barites, with which it 
had at firft been <:onfounded, its analogy witli 
the latter, neverthelefs, made fuch a forcible 
impreffion, that they were placed together in 

aU 



312 STRONTIAN. 

all methodical works, and chemifts were con- 
tented with merely pointing out the flight dif- 
ferences between them. A more profound in- 
veftigation of its properties and chemical cha- 
racters, having- confirmed, in my mind, its fimi- 
larity to barites, and induced me to withdraw 
it, like the latter from the order of earths, in 
order to arrange it among the alkalis, has alfo 
required, in confequence of the method I had 
made choice of, that I fliould place it after 
foda, on account of its general order of at- 
traftion for the acids. The diverfity of the che- 
mical attractions appears to me like that-of the 
fpecific gravities, to place bodies at a ftill great- 
er diftance from each other, than the analogy of 
feveral other kinds of properties appears to coixr 
neft them. 

2. The name of ftrontian has beeji given to 
this fpecies of alkali, from that of ftrontianite, 
w^hich Sulzer, the mineralogift of Roneburg, 
had afligned to the faline ftone from which it 
was extracted, and which was firil difcovered at 
Strontian in Argyllfliire, in the North of Scot- 
land. As it has already been well afcertained 
that Nature has not placed this alkaline bafe 
in one place only, and that there is reafon to 
believe its faline combinations may be found in 
manv countries, like thofe of barites, with 
which it has fo much analogy, it were to be 
wilhcd, that it had been diftinguiflied by a de- 
nomination different from that of the place 
where it was firft difcovered, a denomination 
.expreffive of its properties. But the word 

ftrontian 
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Uroi^tiaii 4>eing already kuomd juid.^qptedjn 
Europe, I have not tbought proper- to change 
it, as I know of no more 4j|>propriated denomi- 
nation that could i>e fubftituted. 

5. Strontianite, or ^he foffil Avhich furnilhes 
ftrontian, has been 4br fome time confound^ 
ed with witherite, a natural compound of 
barites and carbonic acid, which was firft made 
known by Dr. Withering, and for fome time 
bore his name {witherite). M. Klaproth, of 
Berlin, firft diftinguiflied it from the car- 
bonate of barites, and difcovered that it con- 
tained what he denominated an earthy dif- 
-ferent from tlie latter. This difcovery was an- 
nounced in Crell's Annals, at the end of the 
year 1793, or about tlie beginning of 1794. 
A fhort time after, Mr. Hope, a chemift of 
Edinburgh, the fucceffor of Dr. Black, laid 
before the Royal Society of that city, , a very 
elaborate work on the properties of the ftron- 
tianite, in which he compared it to barites^ 
The earlieft notions which were received in 
France on this fubjeft, firft induced the French 
diemifts to imagine that this bafe was not dif- 
ferent from barites; but Pelletier, Citizen 
Vauquelin, and myfelf, having occafion to ex- 
amine it, were convinced, that notwithftanding 
the very remarkable connection with it, it ought 
neverthelefs to be diftinguiflied, and admitted 
as a particular fubftance, 

4. In order to obtain ftrontian, its natural 
combination with the carbonic acid is decom-s 

pofed, 
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pbfed, by calcining it by heat, afSber havings 
mixed it with charcoal, and wailiing the refi- 
duum with water, wliich diflblves the calcined 
llrontian ; or by diflblving this native fait in 
the tiitric acid, and expelling this acid by a 
ftrong heat, which at laft leaves the ftrontian 
pure in fragiTients, melted or foftened ; or by 
precipitating the folution of the fame fait in 
the miuiatic acid, by the fixed alkaKs whick 
Icparate it from them, which is not tlie cafe 
with harites^ as will be feen in the follow- 
ing article. In this third operation, it is ia 
the form of a white, powder, but it contains 
water, between its particles, aaid is neither fo 
pure, nor fo acrid, as that whii:h is produced 
hy the ckcompofition of the nitrate of ilpontian 
by heat. i: 

5. In thofe places, where Nattire affords only 
the fulphate of ftrontian, as at Paris, where it 
has juft Jbeen difcovered in abundance in the 
roads of Montmartre, this fait is dexjompofed 
with charcoal by means of heat, and is thus 
converted into fulphuret of ftrontian which is 
diffolved in water ; this folution is precipitated 
by the nitric acid ; the nitrate of ftrontian is 
evaporated in order to di-y it^ and it is then 
decompofed in clofed veffels. It has alfo been 
propofed to decompofe the fulphate of firoiir 
tian, by boiling it with a folution of carbonate 
of foda or pot-afli, by diflblving with the ni- 
tric acid the carbonate of ftrontian, which is 
formed, and remains at the bottom of the li* 

quid 
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€{mti in a ^vhite powder, after having beeil 
^ivuihed, and *by evaporating this folution to 
drynefs, in order afterwards to decompofe the 
tittratis of ftrontian by heat. I believe this al- 
Icali might be obtained ftill more fimply, by 
treating the native fulphate of ftrontian by fo- 
lutions of barites, pot-afh, or foda. The firft 
wll even have the advantage of fpeedily ob- 
taining the ftrontian feparate in folution in the 
"%vater, becanfe the fulphate of barites which ^ 
is formed, will remain in an infoluble powder 
sit the bottom of the liquor. 

6. Piirc ftrontian, hitherto obtained only by 
the adlion of heat, which decompofes its ni- 
trate, is in fragments, or pieces of a whitilh- 
grey colour, often porous, of a hot, acrid, al- 
kaline, or urinous tafte, more powerful than that 
of lime, but lefs burning than that of barites, 
pot-aih, or foda; itsfpecific gravity is rather lefs 
than, that of barites, but evidently greater than 
that of pot-afh and foda. Its weight, hoVever, 
is fufficiently analogous to that of barites to 
fufFer it to be confounded with this laft alkali. 
It a6l;s but feebly upon the (kin and animal 
matters. It very ftrongly changes to green, 
violets, mallows, the rind of radiflies, and in 
general, all vegetable colours fufceptible of 
taking this tint by the a6tion of alkaline 
matters. 

7. Light experts no fenfible aftion upon ftron- 
tian, though there appears to be a particular 
attradion between thofe two bodies, as the 

phofpho- 



pliofphorefce'nt property about to hQ:£i^cnbi^ 
appears to indicate. On beiag heated in a vef- 
fel of infufibic metal, fuch as a veffel of platina, 
it may be4cept a long time igjiited^ without un* 
dergoing any change, either in its Appearance 
ofJf}^^6ft^ of volatilization, or fuMimation. In 
a porcelain TCtort it con trades a greeniili. colour, 
as does barites, particularly at i:he part which 
touches the retort When treated in the fmall 
Av^ay by the blow-pipe, it does not melt like 
the latter, but is penetrated by light, and is 
furrounded by a whitci flame, ib brilliant that 
the eye is affefted by it fimilar to the injury it 
receives by the afpeft of the fun. It may be 
faid, on ekamining with attention this beauti- 
ful phenomenon, that ftrontian has the pror 

peity of fixing and condenfing' light. Wemufi; 
not attribute to pure ftrontian the property of" 
fdrming by fufion a white and opaque glafs; a$ 
is, in fa6l, the caft with ftrontianite, or the nar 
ti ve carbonate of this, and alio with that of ba- 
rites M^ien urged by flame before the blow-pipe. 
. 8. There is no attraftion between ftrontian 
and oxigen ; it does not abforb it from oxigen 
gas,, which it does not alter, nor from an3r 
other burned body. R is ^e fame with azote, 
as it does not abforb azote gas, nor does it fe- 
parate it from any of the bodies which con- 
tain Jt. From tl:efe refults relative to- the two 
gafes which conltitute common air, it is evi- 
dent that it is neither upon one nor the other 
of thefe gafes, but upon the water and carbo- 
nic acid gas that ftrontian a6fcs, when it is 

kept 
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quid in a yvhite pawder, after having beeil 
ivaihed, and «by evaporating this folution to 
drynefs, in order afterwards to decompofe the 
nttratt of ftrontian by heat. I believe this al- 
kali might be obtained ftill more fimply, by 
treating the native fulphate of ftrontian by fo- 
lutions of barites, pot-afh, or foda. The firft 
will even have the* advantage of fpeedily ob- 
taining the ftrontian feparate in folution in the 
•water, becanfe the fulphate of barites which ^ 
is formed, will remain in an infoluble powder 
at the bottom of the liquor. 

6. Piirc ftrontian, hitherto obtained only by 
the aftion of heat, Avhich decompofes its ni- 
trate, is in fragments, or pieces of a whitilh- 
grey colour, often porous, of a hot, acrid, al- 
kaline, or urinous tafte, more powerful than that 
of Ume, but lefs burning than that of barites, 
pot-aih, or foda; itsfpecific gravity is rather lefs 
than that of barites, but evidently greater than 
that of pot-afh and foda. Its weight, however, 
is fufficiently analogous to that of barites to 
fuffer it to be confounded with this laft alkali. 
It a6ts but feebly upon the (kin and animal 
matters. It very ftrongly changes to green, 
violets, mallows, the rind of radiflies, and in 
general, all vegetable colours fufceptible of 
taking this tint by the a6tion of alkaline 
matters. 

7. Light exerts no fenfible aftion upon ftron- 
tian, though there appears to be a particular 
attraftion between thofe two bodies, as the 

phofpho- 
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9' There is no known aftion between Iiidro- 
gen gas^ nor any attraftion between hidrogeih 
and ftrontian. Its aftion upon phofpbortis is 
entirely fimilar to that of barites, which, be- 
caufe more energetic, was defcribed at great- 
er length. It combii^s with fulphnry like the 
latter in the dry, and in the humid way. ' It 
diffolves more than one third of its weight of 
that fubftance. The fulphiiret of ftrontian has 
the greateft fimilarity to barites. Like the lat- 
ler, it is either pure or hidrogenated* Stroa- 
tian, likewife, combines with fulphuratcd hidro- 
gen, and forms an hidro-fulphuret, the proper- 
ties of which refemble thofe of the fame eom- 
bination with barites. When hidrogenated 
fulphuret, as well as the hidro-fulphuret of ftron- 
tian, is decompofed by an acid, the fulphurated 
hidrogen gas, which is difengaged, burns with a 
fine purple flame, becaufe it carries with it a fmall 
quantity of ftrontian in folution. I here rapid- 
ly point out thefe combinations, becaufe I have 
defcribed them, with much more precifion, un- 
der the article of barites, which prefents theA 
ftill more evident though very analogous. 

There is no reciprocal a6tion between ftron- 
tian, carbon, the diamond, and the metals. 

4 

"^ 10. The phenomena, prefented by ftrontian 
with water, are fo fimilar to thofe afforded by 
barites, that this refemblance, even for a length 
of time, induced the French chemifts to believe 
that thefe two fubftances were exaclly of the 
fame nature, or that they were but one fub- 
ftance. 
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ilance; A fmall quantity of water poured upou 
rery cauftic ftiontian, caufes it to melt and bub- 
ble up wrth noife and heat ; it hardens and pre- 
£^nts, like bajites, under fimilar circumftances^ 
the rudimei^ts of cryftallization. If more wa- 
ter bfe added, it is diluted and diffolves. But 
there is here one of the moft remarkable dif- 
ferences ; a much greater quantity of water i* 
iieceffary to diffolve it, than is required by ba- 
rites. M. Klaproth found that it required more 
than two hundred parts of water at ten degrees 
of temperature to hold it in folution. 

Hot water takes up much more of it thatt 
cold, and a boiling folution of ftrontian depofits 
the greateft part of its earth in cryftak, by 
cooling. Its cryftals differ in their form from 
thofe of barites which announces a difference 
in its nature. They frequently afford a kind 
of plates, or rhomboidal tables, lefs difpofed to 
form prifms than thofe of barites. They fome- 
timcs, however, aifume the figure of flat fatin- 
like needles, or compreffed prifms. This white 
cryftallized ftrontian efHorefces in the air; it 
is of an acrid tafte, and almoft cauflic. 

11. The folution of ftrontian in water is 
acrid, alkaline, and changes blue vegetable co- 
lours to green r it becomes covered with a pei^ 
licle*when expofed to the air, like that of ba- 
rites, in proportion as it abforbs the carbonic 
acid of the atmofphere ; it is not venomous to 
animals, like the latter. When difUll^d it 
leaves the ftrontian pure, but flaked^ that 

is 
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is to fay, faturated with water, folid or dry, 
or retaining its water of cryftallizatioa, with 
whiqji it has'fo much attraftion. 

12. No exaft information has yet been ob- 
tained relative to the combinations of ftrontian 
with the metallic oxides; but its analogies 
witli baritcs fufficiently announce that it is fuf- 
ceptible of adhering to them, like the latter, and 
that in thefe combinations it will afford fome 
interefting phenomena. 

" 13. Strontian i>cadily combines with all the 
acids. It is in the properties of the falts which 
it forms with them, that the principal difference 
confifts between this earth and barites, with 
which it is, befides, fo nearly conneSed by 
many charafters. Various other properties of 
the falts with bafe of ftrontian, appear to con- 
found it with barites : but a difference which 
is alone fufficient to diftinguiih them with 
certainty is, that ftrontian, in general, has lefs 
attraftion for the acids than the three firft men- 
tioned fixed alkalis have, and confequently that 
it can be feparated from them by pot-afli and 
foda, while barites, which is flronger than the 
two latter, alfo completely and fpeedily preci- 
pitates ftrontian from all its faline combinations. 
-I have already feveral times obfcrved, and it will 
be ufeful here to recur to my obfervatiotv^ that 
it is more efpecially in the difference of the^ che- 
mical attraftions, that the real diverfity which 
exifts between the produ6lions of nature ought to 

be 
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be made to confift ; and, in this refpeft, ftron- 
tian widely differs from barites. 

I4{. Although the attradions and effefts of 
ilrontian upon the earths have been but flightiy 
examined, the experiments of Citizen Vauque- 
lin. are fufficient to prove that, when treated by 
heat with filexand alumine, ftrontian aftsupon 
them in the manner of fixed alkalis, as barites 
has been feen to a6i;, according to the refult of 
the fame experiments. Three parts of flron- 
, tiaU; and one part of filex, ftrongly heated in a 
filver crucible, for the courfe of an hour, afford 
a grey, fonorous; vitrified mafs, perforated in fe- 
veral points, without any fenfible tafle, no lon- 
ger becoming hot in water, like ftrontian, but 
little foluble ipL this liquid, carrying with it, 
however, fome filex, which the muriatic acid 
dilfolves, and depofits in jelly by evaporation. 

Five parts of ftrontian, and one part of alu- 
mine, recently precipitated, and ftill humid, 
when boiled with water, afforded a folution of 
a fmall quantity of ftrontian and alumine, as 
well as another portion of this alkali and earth 
which formed an infipid combination, infoluble 
in water, and foluble without effervefcence in 
the acids. 

We may here eafily perceive an adion analo- 
gous to that of pot-afli and foda on filex and 
alumine, but it is more feeble, and indicates 
that thefe filiceous and aluminous combinations 
with barites and ftrontian may be found among 
the ftones, and employed with advantage in 

Vol, II. Y glafs- 
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glafe-making, potteries, in the mahufafture of 
glafs, pottery, enamels, &c. 

There is no known combination between 
ftrontian, glucine, zircone, magnefia, lime, ba- 
rites, pot-afli, andfoda. 

15. On comparing the properties of ftrontian 
with thofe of barites, we find that, notwith- 
ftanding the general resemblance of thefe pro- 
perties, it differs, however, by being lefs harih, 
lefs heavy, phofphorefcent, colouring flame 
of a purple, infufibility, a folubility ten 
times iefs» a form really different, and parti- 
cularly by the faline compounds, and the much 
weaker order of its attractions. Two effential 
differences may here be obferved, the one that 
of changing, by its faline compounds, and par- 
ticularly by its muriate, the flame of alcohol to 
ai fine red purple, while barites only turns it 
yellow; the other, a difcovery or confirmation 
by Pelletier, is that of its not being poifonous 
like the latter. 

16- The intimate nature or compofition of 
flrontian is no better known than that of all 
the other earthy and alkaline bafes. It ought 
no longer to be fiippofed, at leaft without ad- 
mitting an hvpothefis deflitute of proof, that 
it is formed of a metallic oxide, any more than 
could be faid of barites. It is even feverfing, 
by an improbable hypotbefis, all the re- 
ceived ideas, to regard it as a burned body, 
as an oxide. Strcntian has not yet been em- 
ployed for any purpofe; it has been too feldom 
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met with in foflils ; tliough there is reafon to 
believe, that it is very abundant in nature ^ be^ 
fides which its properties, and thofe of its com- 
binations, have not yet been fufficiently ex^ 
amined to apply it to any ufeful purpofe; but 
it is to be hoped that it may hereafter become, 
of great utility in the arts. 



Article XIIL 



Of Ammonia. 



L AMMONIA, the fifth >and weakeft kind 
of alkali, was formerly denominated volatile 
alkali^ volatile fpirit of fal ammoniac^ jiuor VO' 
latile alkalij and caufiic volatile alkali. The 
word ^7W?wowm, adopted fince 1787, is derived 
jfrom fal ammoniac, from which this fpecies of 
alkali is commonly extra6led, and the name of 
which itfelf is derived from Ammonia, a coun- 
try of Lybia, where this fait has been prepared, 
from time immemorial, from fand; impregnated 
with camels urine and excrement, which will be 
fpoken of in the following fetSlion. The word 
ammoniac has received in the French methodical 
nomenclature the termination opaque, in order to 
render it fimilar to thofe of barites, pot^afh, &c. 
in the genus, as that alkali is by its properties. 

Y 2 S, Ammonia 
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2. Ammonia appears to have been abfolutely 
unknown to the ancients- It was in the fif- 
teenth century, in the works of Bafil Valentine 
that the fii-ft idea was publifhed of the fep^ffa- 
tion of this alkali, and of fome of its proper- 
ties. At the clofe of the feventeenth century 
it was not, however, diftinguiflied from the 
other f?ilifiable bafes, though the method of 
obtaining it from diftilled animal matters was 
known, and it had even then been denned by 
the names of volatile Jpirify volatile fait of blood, 
of the viper, of hartfhorn, &c. The analyfis of 
fal ammoniac, which was* not made with atten- 
tion till the beginning of the eighteenth cen- 
tury, was the epoch when it was difcovered to 
be very different from the fixed alkalis, and 
when the name of volatile alkali began to re- 
ceive an exaft appreciation. From that period 
till the difcoveries of Black, on the two ftates 
of cauftic and mild alkalis, on their being ren- 
dered mild by fixed air, or carbonic acid, a 
continual error prevailed relative to volatile al- 
kali ; it was fappofed to be pure only when in 
the cryftalline and folid form f a fait was then 
miftaken for this fubftance; in its pure, cauftic, 
and fluid ftat6^ it was fuppofed to be changed, 
and, as it were, fpoiled by lime, or the different 
fubftances which had been ufed to extraft it 
from fal ammoniac, though this was its real, 
pure, and natural ftate. This error was, at 
length, deftroyed by the difcovery of the car- 
bonic acid. Dr. Prieftley foon afterwards ex- 
amined 
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aniined it under the form of gas, and decom- 
. pofed it by eleftricity, without however know- 
ing of what it confifted. Scheele and Berg- 
mann, by their exertions, afcertaincd its com- 
pofiti on between the years 1775 and 1788. 
Citizen Berthollet determined it with accuracy, 
by explaining its formation and decompofition 
in 1785. It is fince this laft-mentioned epoch, 
that the hiftory of this fpecies of alkali has been 
rendered complete, 'and as eafy to be explained 
as conceived, fince none of its properties remain 
obfcure, 

3. Ammonia exifts in nature, but in far lefs 
quantity, lefs generally, and is, in fome degree, 
iefs permanent than the other four alkalis, be- 
caufe it appears to be both more eafily formed, 
and more readily decompofed. It is faid to be 
found in the vicinity of volcanos, combined 
with the fulphureous and fulphuric acids ; it is 
not met with among the foffil falts: it is incel^ 
fantly difengaged from fome vegetable fub- 
ftances, and particularly from anima. matters 
during their putrefaction on the furface of the 
globe. That which js procured for the life of 
the artai and cjiemical laboratories, is alinoft al- 
ways the produce of onp entire fabyicatiop, It 
is made ii^ the direft way, by decompofing anir 
mal fubftances by heat in a diftilfing appara- 
tus ; and this is the fame as that which takes 
place in the manufaAure of fal ammoniac, or 
the mviriate of ammonia^ in whatever manner 

or 
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ner, or by whatever procefs it may be pre- 
pared, 

4. As this fait is prepared in the large way in 
many manufaftories, and as it is a fort of re- 
fervoir for chemifts, wherein the ammonia, be- 
ing contained in abundance, and completely 
formed, may be extrafted pure by eafy and 
fpe^dy means, it is commonly from this fait 
that it is feparated, by means of lime, w^hich 
has more attra6lion for the muriatic acid than 
ammonia has, and which difengages the latter 
eafily and rapidly, in proportion as the lime 
combmes with the acid. As the procefs by 
which this ufeful produ6lis obtained, belongs en- 
tirely to the hiftory of the muriate of ammonia, 
and will neceffarily be defcribed in the article 
devoted to the muriatic falts, I need here only 
indicate the refult which it affords. In chemi- 
cal laboratories, as well as in feveral manufac- 
tories, ammonia may alfo be fabricated, and 
even obtained in great quantities by the diftil' 
lation of animal fubftances, particularly from 
urine, putrid flefli, cuttings of wool, from 
bones, treated either in retorts, or in ;iron or 
eathen tubes, with a very fimple apparatus, to 
conduQ; the ammoniacal vapour into water 
where it is condenfed. This fpecies of liquid 
ammonia mull then be purified, as in this firft 
preparation it is foul, and impregnated with oil ; 
it muft therefore be reftified by a gentle heat, 
after having mi^ed with it a fmall quantity of 
linie, 

5, Ammonia 
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5. Ammonia may be eafily iobtained in gas, 
cither by tlie experiments already pointed out, 
or by a procefs made ufe of for the purpofe, of 
heating muriate of ammonia mixed with 
quick-lime, or with liquid ammonia, extracted 
by the method already mentioned, in a fmall 
retort, or matrafs of glafs, terminated by a 
long neck or tube, placed in a receiver full of 
mercury, in a tub filled with the fame metal. 
As in the gafeous ftate the ammonia is more 
pure than when in the liquid form, the properties 
of ammoniacal gas fliall firft be defcribed, and 
afterwards liquid ammonia, when the examina- 
tion of the properties of this gafeous body fliall 
have led to its combination with water, and 
the formation of ammonia from it in its com- 
mon ftate, in which ftate it is moft eafily 
preferved, and moft frequently employed, on 
account of the fmallnefs of its bulk. 

6. Ammoniacal gas, enclofed in a receiver, 
pe^e6i;ly refembles air, by its tranfparence 
and invifibility, as well as by its comprefli- 
bility, though it diifers from that fluid in all its 
other properties. It is lighter than commons 
air; Kirwan found that a cubic inch of this 
gas weighed only 0,27 parts of a grain, while 
air weighs only 0,46. Its weight, therefore, is 
not quite the half of that of air. It has a 
quick, pungent, and acrid fmell, which ftrongr 
iy irritates, the eyes and noftrils, reftores the 
relaxed motion of animals, when employed a$ 
a ftimulant and cojdial to recover them from a 

ftat^ 
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ftate of fainting or weaknefs. It is, however, 
not refpirable, and itfelf fuffocates animals. 
The fmell of this gas is faid to be urinous, be- 
caufe, in faft, corrupted urine exhales a great 
quantity of ammoniacal gas, but this fmell, 
in the latter inftance, is mixed with putrid 
effluvia. 

Ammoniacal gas has an acrid and cauftic 
' tafte, much weaker, however, than that of the 
fixed alkalis, and it does not diffolve animal fub- 
fiances, as pot-afh and foda do. It quickly 
changes the colour of violets and radiihes^ to 
green, and turns the yellow colour of turmeric 
to a brown red. Though it extinguiihes light- 
ed candles, it confiderably increafes their flame, 
j3^nd even deflagrates when very lipt 

7. Light does not affecl ammoniacal gas. 
Caloric dilates it in a proportion unknown. Po* 
rous bodies, as charcoal, fponges, and cork, abforb 
and condenfe it. Whatever may be the mafs 
and intenfity of the caloric with which it is im-. 
pregnated, it does not undergo any change in its 
nature ; on pafling it through a tube of ignited 
porcelain, it is not d(?compofed. Eleftric fparks, 
on the contrary dcconipofe it, according to the 
experiments of Dr. Prieftley and Citizen Van 
Ma.um; it there feparates into two gafes, viz. 
azote gas and hidrogen gas. Thus the eleftric 
fluid infolates anddiflblves thofe two principles, 
and melts each of them into an elaftic fluid; 
and by this procefs alone its nature, compo- 

fition, 
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iition, and jeven the proportion of its two com*- 
ponent parts are known, 

8. Ammoniacal gas has np a6lion in the cold 
by fimple.contaft, or fimple mixture upon 
oxigengas, which decompofes it at a high tem- 
perature. On pafling thefe two gafes, when 
mixed together into a tube of red-hot porce- 
lain, there is a decompofition of ammonia, an 
inflammation and detonation of its hidrogen, 

-which paffes to the ftate of M^ater, and even a 
formation of nitric acid, if the proportion of 
oxigen gas be confiderable ; but if this latter 
be not in a proportion fufficient to futurate the 
hidrogen of the ammonia, there is a refiduum 
of azote gas after the condenfation of the water 
which is formed. On making this experiment 
with attention, it is difcovered that the azote is 
much more abundant than the hidrogen in the 
ammoniacal compound. 

9. There is no combination between azote gas 
and animoniacal gas. The common air formed 
from the two gafes, oxigen and azote, does not a6k 
at all in the cold, and by fimple mixture with am- 
moniacal gas. The latter being lighter is dif- 
by it in the veffels, the aperture of which is turn- 
ed up, this gas diffolves in the atmofphere, and 
combines with its carbonic acid. At a high tem- 
perature, in a tube of red-hot porcelain, ammo- 
iiiacal gas, mixed with a fufficient quantity of 
atmpfpheric air, is burned; fome water is 
formed, and the elaftic fluid refiduum contains 

^ both 
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both atmofpheric azote gas, and that which 
proceeds from the decompofition of ammonia. 

10. No efFe6i: is known between ammoniacal 
^as and hidrogen gas, at "any temperature, 
doubtlefs becaufe iu this volatile alkali, there is 
a complete faturation between the azote and the 
hidrogen \^hich forms it, and becaufe it cannot 
take a greater quantity of this principle than 
it contains. 

1 1 . In cold no aftion, nor combination is ob- 
ferved between ammoniacal gas and carbon; 
this gas is only perceived to be condenfed and 
abforbed by charcoal. But when ammoniacal 
gas is paffed into a tube of porcelain, contain- 
ing red-hot charcoal, an acid of ternary radical 
is formed, confifting of azote, hidrogen, and 
carbon, combined, without doubt, with a fmall 
proportion of o^igen, which is found in the wa- 
ter, accoinpanying the gas or the charcoal, or in 
the air which remains in the cavity of the tube. 
This acid will be examined in the hiftory of 
the animal matters, which abundantly contain 
the four principles neceffary to its cpmpo- 
fition. I ihall fpeak of it under the name of 
the pruffic acid, in the examination of thofe 
fubftances, from which it is prepared, by va- 
rious chemical proceffes : it is fufficient to 
obferve here, that it is formed by the re-a6lion 
of ammonia and carbon . expofed to a red 
heat. 

12. Phofphorus does not diffolve in ammoni- 
acal gas, except by heat, and when the tempera- 
ture 
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ture IS very high, as in a tube of red-hot 
porcelain : fome. phofphorated hidrogen is then 
formed, and there remains azote gas, faturated 
with pholphorus. The decompofition of am- 
monia takes place here, by a double aftion of 
the phofphorus, - which attrads on one hand 
hidrogen, aigid on the other azote, by being 
diffolved, in each of thefe infulated gafeous 
bodies. 

1 3. Ammoniacal gas does not a6l upon ful- 
phiir in cold ; by heat it diffolves it when the 
fulphu^ is. ii^ vapour, ^nd an ammoniacal ful- 
phuretis formed, which fpeedily condenfes in 
watgr,. eafily decompofes it, and conftitutes a 
fmoking hidrogenated fulphur, which will be 
ipoken of hereafter in the hiftory of liquid 
amnpionia. Ammoniacal gas alfo combines, 
though with difficulty, with fulphurated hi- 
drogen gas, and forms an ammoniacal hidro- 
fulphuret, which will be defcribed hereafter, 
as well as the preceding, becaufe it is pre- 
pared more eafily with liquid ammonia* 

14. No a^ion is known between ammonia- 
cal gas, the diamond, and the metals: the 
water which the gas often holds in folution, is 
eafily decompofed by fome metallic fubftances, 
when they are plunged in ammoniacal gas. Their 
furface is covered with a coating of oxide, which 
^bforbs the ammonia, and a fmall quantity of 
hidrogen^gas is found in the apparatus, 

- 15. Ammoniacal gas readily and eafily com- 
bines with water in ajl its ftates. When ice is 

brought 
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brought into conta6l with this gas, it immedi- 
ately'^abforbs and condenfes it ; it melts, and 
becomes entirely liquid ; and fome cold is al- 
ways produced, whatever may be the proportion 
of the two bodies that are mixed' together. 
This conftant cooling originates in confequence 
of the water, on fixing the ammoniacal gas, 
becoming more rare and light than it naturally 
is ; and becaufe on acquiring this liquid, its 
capacity for caloric increafes, or requires the 
abforption of a greater qv^antity to preferye this 
ftate of rarefaftion. Liquid water, ou the 
contrary, in proportion as it pondenfes the 
ammoniacal gas, becomes hot, on account of 
the lofs of caloric, caufed by the gas on lique- 
fying, and which exceeds the quantity required 
by the water, in order to take the degree of rare- 
faftion which it acquires in this combination. 
When the water, which abforbs the ammoniacal 
gas, and which is now prefented to the contaft 
of this gas, in all the operations in which 
liquid ammonia is wiflied for, has attained 50 
degrees of temperature of the centrigrade ther- 
mometer, it retains no more of it ; that which 
is produced, paffes in great bubbles through 
the liquor, without any diminution in bulk as 
before, and breaks at the furface, in a white 
fmokc, in confequence of the water which 
they dilTolve, at their elevated temperature, a 
part of which they dcpofit on arriving at the 
air of the veffel. As the gas undergoes iio 
further condenfation, the liquor gradually 

cools. 
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cools. The condenfation then again com- 
mences, but the lefs abundant caloric, whicli 
is difengaged by this fecond portion of fixed 
gas, being carried off by the veffels and the 
external air, an equilibrium of temperature is 
. fpeedily eftabhflied between this liquor, the 
veflels, and the furrounding air ; and at this 
point the faturation of the water is complete. 
This liquid thtis takes up, and liquefies nearly 
half its weight of ammoniacal gas; the wa- 
ter increafes more than half its bulk, and 
lofes rather more than the tenth of its fpecific 
gravity. In this ftate ft weighs 897, the water 
weighing, under the fame bulk, 1000. It is 
this water, thus faturated with ammoniacal gas, 
that is moft frequently employed in experiments, 
on account of the fmall bulk which it occupies 
in comparifon with ammoniacal gas, and of 
the facility with which it may be preferved. 
Its 'properties will be examined hereafter, be- 
caufe it is important that this fpecies of alkali 
fhould be well known, in that ftate in which it 
is moft common and convenient It will be 
feen in the hiftory of tlie .muriate of ammonia, 
that on decompofihg it by lime, in order to 
obtain ammoniacal alkali, this property of am- 
moniacal gas is employed with great advantage, 
to condenfe in cold water, in order that no- 
thing may be loft, and to obtain a produfl: 
equally pure and abundant. 

16, Ammoniacal gas does not much com- 
bine with the metallic oxides; fome of them, 

however. 
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however, abforb it and combine with it, almoil 
in the faline ftate. Others, which are thofe 
that leaft adhere to oxigen, when brought in 
tontaft with this gas, partly decompofe it, 
giving out their oxigen to its hidrogen, and 
are difoxided. Almoft all the oxides produce 
this efFe6l with ammoniacal gas, when they are 
paffed through this gas at the red teiflperature 
m tubes of porcelain ; there are even fome 
which, from the great quantity of oxigen 
they "afford in this cafe, entirely difcom- 
pofe the ammoniacal gas, and convert it 
into water and nitrous acid. We fliall return 
to this fubjeft, when fpeaking of liquid ammo-" 
nia, becaufe under this form it is moft fre- 
quently and moft eafily treated by the metallic 
oxides. 

17. Ammoniacal gas" is fixed, liquefied, and 
fometimes even rendered folid by all the acids, 
with which it eafily combines, though its at- 
traction for them is weaker than that of ftron* 
tian, foda, pot-afli, barites, lime^ nearly equal 
to that of magnefia, and only ftronger than 
thofe of alumine, glucine, and zircone. By 
uniting with them this gas immediately lofes 
its elaftic form, gives out a large portion of 
caloric, and conftitutes the falts called ammo- 
niacal, of which the properties will be defcribed 
in the following fe6lion. But as the union of 
the alkali, under the gafeous form, prefents 
with the acids, certain phenomena, which are 
very interefting to be kijown, we ihall de- 

fcribe 
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fcribe them in this place, in order to render 
the hiftory of ammonia more complete. The 
properties of the falts, which will conftitute the 
fubjefl; of the following fedlion, ought not be- 
fides, to be explained but in their complete com- 
bination, whereas we muft here treat of the 
efFe^s which take place at the very moment of 
combination* 

1 8. When ammoniacal gas is paffed into car- 
bonic acid gas, the moment the first touches 
the latter, and tends to rife through it on ac- 
count of its fpecific lightnefs, a light vapour, 
fcarcely perqeptible, is formed, the two gafes 
become condenfed, caloric which leaves them 
is difengaged, and a cryftallizatiou of a fait, 
or carbonate of ammonia, in filky fibres, or fine 
powder, takes place again ft the internal furface 
of the veffel. This operation, like all thofe in 
which an acid gas is combined with ammonia- 
cal gas, muft be made over mercury, and not 
water, which would condenfe both before they 
could unite, and AV^ould prevent the phenomena 
of their mutual union from being feen. 

19. Ammoniacal gas is rapidly condenfed 
and abforbed by the liquid phofphoric acid, by 
the phofphoreous acid, and by the fulphurio^ 
acid, and in the fatne ftate, much caloric is dif- 
engaged; phofphate, or fulphate of ammonia 
are formed, which falts will be defcribed more 
particularly in the following feftion. 

20. When ammoniacal gas is introduced in- 
to phofphoreous acid gas, a great penetration- 

immediately 
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immediately takes place between th« tw'o fliiid^/ 
with an abundant difengagement of caloric.' 
A white fume fills the velfel at the inftant of the 
mixture. Concrete phofphite of ammonia is de-* 
pofited on the fides of the veffels, in flocks of a 
reddifh yellow, frequently varied^ and as it were 
fpotted in their colaui', but >vhich become 
white, and capable of affording tranfparent cryf- 
tab when diffolyed in water. 

21. Ammoniacal gas is condenfed Very fpeed-» 
ily in nitric acid. On the flighteft contaft of 
this gas with the vapour ^vhich rifes from con- 
centrated nitric acid, white fumes of nitrate of 
ammonia appear already condenfed j this expe- 
riment is fo marked, that the nitric acid, (light- 
ly fuming, or not at all fo, is often ufed by 
moiftening a glafs rod Avith it, in order to judge 
whether any fluid in which the prefence of am- 
monia is fufpecled, in too fmall quantities to 
be perceptible or evident, do really contain this 
volatile alkali : and this is confidered as decided 
w^hea tlie fluid becomes covered with a white 
vapour on the approach of nitric acid. It is 
almoft needlefs to remark, that much caloric is 
difengaged at the time of combination between 
.ammonia and nitric acid. At an elevated tem- 
perature, much below that required to ignite 
a porcelain tube, ammoniacal and nitric acid 
gas, mutually decompofe each other, and take fire. 
Water is formed, and the radical azote, which 
was acidifiable in the one body, and alkalifiant 
in the other, is difengaged. We^fliall return 

to 
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to this phenomenon when we treat of nitrate 
of ammonia. 

22. The acid denominated nitrous in our 
laboratories, that is to fay, the nitric acid con- 

^ taining different proportions of oxided azote, 
or nitrous gas, alfo abforbs the ammoniac gas ; 
but the caloric which is feparated volatilizes 
the nitrous gas, fo that the combination affords 
only nitrate, and not the nitrite of ammonia, 
as might be expefted. It is the fame with the 
true nitrous acid, the ruddy nitrous vapour, or 
nitric acid, faturated with nitrous gas, aii4 hold- 
ing, as has been elfewhere obferved, a tenth part 
lefs than its own weight. When ammoniac gas 
is mixed with this vapour,' a denfe white vapour 
is reproduced with the difengagement of much 
caloric, and a complete condenfation taked 
place; the red colour difappears; nitrate of 
ammonia is formed, which depofited in cryf- 
talline powder and nitrous gas, remains in the 
apparatus, which may be again Tendered ruddy ^ 
and changed into new nitrous vapour by the 
addition, of oxigen gas. Ammoniac gas, tliere- 
fore, decompofes the nitrous vapour by abforb- 
ing the nitric acid, or nearly -f, and difengaging 

. the nitrous gas Avhich is very nearly -f parts of 

the whole. 

23. Ammoniac gas is difficultly abforbed by 
the metallic acids ; water is necelTary to favour 
their union ; we fliall, therefore, fpeak again of 
thefe combinations when we treat of liquid am- 
monia which eafily forms them. 

toL. IL Z 24 The 
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24. Tlie union of ammoniac g^& wi%% the 
muriatic acid gas is one of the moft 6ne:pgetic 
afid moft remarkable phenomeaa which thefe 
bodies pHfer\t». When the f^nnei i^ introduc- 
ed into an inverted veflel filled ^ith water, it 
peii^trAtes^ it with a degree of fpeed ai^d a6li vity 
difficult tO' be defciiibed ; a fiidden condenfetiou 
takea plac« with confiderabfe heat ; and a white 
Ta^oui?, or fo^me, t[y thiek and fo abundant that 
tfee vcfiel biecomes perfe6lly opaque.. The mu- 
riate of a^iiKmia h formed, and depofited (m the 
fides^ in fmaB filky fieedk-formed ei'yfiaJd, er in 
Kght pulvetuletit flakes^ aecerdiflg t6 the ^us»i- 
tity ef watei^ receptively contained m the two 
gafes. Thi^ Experiment is one of the moft ftrik- 
ing examples of two gafebus bodi** infislntly 
eonrtvti£d into a foliti botfy, and the rapid pre- 
cipitation of two folidifiable bafes> each aban- 
doning, o*f its paf t, the calo*i c which held them 
in fblatioliy bccaufe they have more attraction 
ibr each other than either had for the gafefiatif 
iblvent.. On account of this rapid and power- 
ful effe6t of mutual condenfiition beti^een am- 
riioniacat ga^ and muriatic acid gas, this laft 
diffolved in water,^ or the liquid muriatic acid, i& 
ufed to aft*eptain the fmalleft portion of ammo^ 
nia which i« then rendered fenfible by white va- 
pour formed in its vicinity. It is often pre- 
ferred for this experiment to the nitric acid. 

25. There is no combia^ation between am- 
moniac gas and oxigenated muriatrc acid gas, 
but an inftantaneous decompofition of both. I 

have 
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have difcGvered that, when the firft of thefe 
gafes is paffed into the fecond, inflammation 
follows, with the difengagement of a white 
light during the union of the oxigen with the 
hidrogen of the ammonia ; the water which is 
formed at the fame time, prefents a very denfe 
white vapour. It diffolves the muriatic acid 
and azote gas 4-emains. There, is only part of 
the ammoniac gas decompofed becaufe part of 
the oxigenated muriatic acid, which is firft de- 
prived of its oxigen, combines with a portion of 
the gas, and changes it into muriate upon which 
the oxigenated muriatic acid that remains has 
no longer any a6lion. ^ In this experimtttt we 
have one of the prooft of the nature of ammo- 
nia, and itsr compofitipn from azote and hidra* 
gen. Though this experiment cannot ferve to 
determine the propcwtions of its principles be-^ 
eaufe part of the ammoniacal gas efcapes do- 
compofition, the fmall quantity of water ob- 
tained, and the volume of azote gas which re-' 
mains compared with the pa-imitive dofe of the 
two gafes made ufe of, fliows that azote is much 
more abundant in ammonia than hidrogen. 

26. Ammoniacal gas unites rapidly with ihq 
fluoric acid gas ; in its condenfaiion a whit^ 
denfe vapour, difengagement of caloric, pre-* 
cipitation of filex, and formation of folid and 
cryftalline ammoniacal fluate takes place. The 
acid of borax does iK)t abforh ammoniacal 
gas. 

Z S 27. There 
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27- 'There is neither action nor union between 
ammoniacal gas and the earthy fubftances. It 
is already known that^ lime has the property of 
difengaging ammonia in gas from its combina- 
tion^ as do likewife barites, pot-afh, foda, and 
ftrontian. Frequently alfo the vety pure alka- 
line matters in a cauftic and concentrated ftate, 
by a6ling upon complicated compounds^ which 
contain among their principles much azote and 
hidrogen, fuch as the animal fubftances, detach 
thefe two bodies from the ^ compofition in the 
proportion and ftate fuitable to the formation of 
ammonia, which is then difengaged in gas. 
Thus it is when lime, barites, pot-afli, foda, and 
ftrontian, are introduced into liquids^ or folids, 
which do not contain ammonia ready formed, 
that a quantity of this volatile alkali is formed 
at the very moment of their contaft, and par- 
ticularly by trituration with thefe fubftances. 
We fhall, again, confider this fa<5t, in the feftion 
upon animal matters. 

28. It is not enough that we Ihould examine 
the characters and properties of ammoniacal 
gas, becaufe this fpecies of alkali is not ufually 
preferved and applied in experiments under this 
form ; wc muft alio ftudy it under the liquid 
form Avhich it moft frequently poffeffes, and 
which is given to it in order to ufe it with more 
facility or advantage in the arts, or medicine, 
or even chemiftry. I have fliown how the 
liquid ammonia is procured ; I have defcribed 
the phenomena prefented by ammoniac gas dur- 
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hig its fixation in water. We will now proceed 
to defcribe the habitudes of liquid ammonia, its 
combinations, or decompofitions, and the dif- 
ferences it prefents when compared with ammo- 
niacal gas. . 

29. Wc muft obfcrve, in the firft place, that, 
as the volatile alkali is much more frequently- 
obtained in the liquid than in the gafeous form, 
an,d as it is more convenient for every kind of 
ufe, this fluid ought particularly to be denomi- 
nated ammonia, and the expreflion ammoniacal 
gas referved to denote the ftate of elaftic fluidi- 
ty. This ammonia, in the liquid ftate, has been 
named fluor volatile alkali, cauftic volatile al- 
kali, alkaline fpirit, volatile fpirit of fal ammo- 
niac; it is prepared and preferved for medical 
and manufacturing purpofes, by decompofing 
the muriate of ammonia by lime, and receiving 
it in cold water, by means of condu6iing-<;ubes, 
the ammoniacal gas Avhich is difengaged, and 
of which the greater part formerly was loft 
through the apertures neceflary to be made in 
the veflels to avoid burfting, before the difco- 
very of Woulfe. This liquid is, therefore, a 
combination of ammonia and water. 

30. Ammonia is lighter than^ water, equally 
tranfparent, of a lively penetrating fmell, not re- 
fpirable, unlefs rapidly; and, by intervals, of an 
acrid and almoft cauftic tafte, though it does not 
bum ; it diflblves animal matters like the con^ 
centrated lees of pot-afh and ibda, ftrongly con^- 
verts violets and many other vegetable colours to 

green, 



green, changes the yellow tin^lure of earcutfta 
to a brown, is, in no refpe^ alterable by light 
wjiich it refra6ls merely in a ratio fuperior to 
that of its denfity, becaufe it is compofed of two 
combuftible bodies. When heated with caloric. 
It is %eedily fufed and Separated in the form 
of bubbles, the ammonia which is difengaged 
in gas with effervefcence, may be colleded 
over mercury. It boils much more fpeedily 
than water, and, at forty-five degrees, is in full 
pbuUition on account of this difengagement of 
gas; it is difficult to feparate the laft portions 
which adhere with confiderable ftrength to the 
water. Ammonia cannot be obtained in a 
form nearly folid, or at the confiftence of au 
opaque jelly, but at the temperature of thirty- 
two degrees under 0. At the cold which con- 
geals mercury, it is fixed and becomes opaque. 
The diminution of preffure, fuch, for exam- 
ple, as takes place on the fummit of mountains, 
where the weight of the atmofphere diminiAes 
with its height, produces the fame effefil upon 
?immpnia as caloric, and difengages it from the 
water. On the contrary, cooling, as well as the ' 
increafe of preffure, affifl:s the liquid combina- 
tion of annnonia with water, fixes it more ef- 
fedually, and even increafes the aqueous folu- 
tion of ammonia. Advantage is take© of thefe 
two united circumftances, namely, the preffure 
of an elevated column of water, ajad cooling by 
means of ice mixed with fea-falt, with which the 
|)ottles ferve as receivers, are placed i& order ta 
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c6iti|K>fe a very ftrong and very concentrated am- 
monia; the amnionia prepared by thefe proceffeSi 
therefore, becoraes much more odorant^ and 
almoft ^ontaneouffly effervefcent, when carried 
from a cool place into a hotter, from a low fitua- 
tion to another more elevated in theatmofphere, 
as is obfervaljie in the tranfition from win- 
ter to fummer ; this laft circumftanc^ is fre- 
quently fufficient to break tl^ eoBtaiuii^g 
veflels. 

31. Ammonia is not affefted by the conta^ 
t)f oxigen gas, or azote gas. When expofed to 
the air in an open veffel, partof the ammonia is 
<1ifengaged in gzs, expamls, ai^d is diffolved in 
the atmofphere ; tlie upper ftrata of water which 
are ti>en deprived of their aikah*, fall in vifible 
breams through the mod faturated and ligbte^ 
portion of the water which then poflGgflfes Ihe 
lower place, and gradually mix with it to re- 
^ftahlifh the equilibrium of foluiion when the 
Surrounding air is faturated witii ammoeiacsdl 
gas. At the fanie time, die carbolic acid of the 
atmoffdiere js pre.cipita*ed into the liquor^ tii^tes 
with the ammonia, and communicates to it *he 
properties of carbonate of ammonia particularly 
the power of double attra^ioja which this fait 
poffefles, and caufes it to produce, as we fliall 
fee in the fallowing. feftion, efFefts of decompo- 
fition, which the chemifts have formerly attri- 
buted to the volatile alkali, at that time miftaken 
with regard to its ftate of purity. 

Sfii Ammonia 
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32. Ammonia exercifes no aftion upon.hidro- 
gen gas, carbon, and phdfphorus ; there is nei- 
ther abforption nor Iblutjon, nor any change 
whatever in thefe bodies placed in conta6l with 
each other. If they be heated together, the 
ammonia being reduced into gas, a£ls, as has 
been before fhown, when we confidered it under 
this ftate. 

33. Neither is there any fenfible aftion be- 
tween ammonia and fulphur. By diftilling a 
mixture of muriate of ammonia, lime, and ful- 
phur, a compound is prepared which is formed 
by the fulphur and the ammonia in vapour, 
which re-a6ls upon the water difengaged at the 
fame time from the mixture, and partly diflblv- 
ed in it. It is an hidrogenated fulphuret of am- 
monia, of a deep yellow colour, which emits a fe- 
tid vapour, vifible in the air on account of the 
ammonia which it contains in excefs, and which 
has long been denominated the fuming liquor 
of Boyle, becaufe it was difcovered by that phi- 
lofopher. This fulphuret is totally decompofa- 
ble by fire, by acids, and by fulphurated hi- 
drogenous gas. 

34. Ammonia abforbs hidrogen gas fo prompt- 
ly, that it is only neceflary to pafs this gas into 
it by means of a tube, or to agitate it in a veflel 
with liquid ammonia, in order to faturateit; 
this faturation is attended with a difengage- 
ment of caloric, a yellow colour, and the forma- 
tion of vapour. The hidro-fulphuret of am- 
monia which is thus prepared is cryftallizable ; 

it 
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it has not the fetid fmell of the hidrogenated 
fulphuret It is deconipofable by caloric, by 
the contact of oxigen gas, acids, and metallic 
oxides. It has, for fome time, been confidered 
as a very valuable medicine, in cafes where it is 
thought that the humours are too. oxigenated, 
or the folids too a<9;ive by the fuper- abundance 
of oxigen. It fpeedily produces a great weak- 
nefs in the organs of animals. 

35. No aftiou is obferved between ammonia 
and the diamond. This volatile alkali, in the 
liquid form, attacks the metals^ more ftrongly 
than ammoniacal gas, on account of the water 
it contains, and its decompofition by the me- 
tallic fubftances which it facilitates. Ammo- 
nia confequently a6ls fo fenfibly upon the me- 
tals which are moft greedy of oxigen, that it 
produces an eflfervefcence, and caufes a difen- 
gagemeht of hidrogen gas ; it afterwards unites 
to part of the metallic oxides thus formed. 

S6,^ Water unites in all proportions w^th liquid 
ammonia, with a difengagement of a portion of 
caloric, by which means it lofes part of its force^ 
its alkaline harihnefs, and its fpecific light- 
nefs. 

37p a much more evident aftion is obferved 
between the metallic oxides and ammonia, than 
between thefe bodies and ammoniacal gas. 
The water favours, and alfo permits us to efti*^ 
mate, and underftand with more facility, the 
phenomena which pafs between thefe fubftances. 
In general, the metallic oxides are affefted in 

four 
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four different manners with liquid aminoiik ; 
fome metaJs diffolye in it without other altera- 
tion on the part of either principle, and form 
with it faiine compounds, in which they aft the 
part of acids ; fuch are the oxides of ziac, tin, 
filver, &c. The other oxides are partly deconi^ 
pofed, orfuffer part of their oxigen to be feized 
by the hidrogen of the ammonia with which it 
forms water, fo that the azote, which is the 
other principle of ammonia, is difengaged in 
gas with effervefccnce, while the oxide ap- 
proaches the metallic ftate. Citizen Bertholtct, 
who has well defcribed this aftion, availed him- 
felf of ,it to afcertain the proportiom of the 
principles of ammonia. The green oxide of 
copper is particularly in this fituatioa ; it paffes, 
by means of heat, to the ftate of brown oxide, 
by decompofing the liquid ammonia, of which 
the azote is difengaged in the form of an elaftic 
fluid with effervefcence. There are fome ox- 
ides whibh are entirely decompofabk by ammo- 
nia, fuch as thofe of gold and filver ; duriBg 
this total decompofition, which is effe^d either 
by heat, or by mere contaft and fri^ion, a vio- 
lent detonation is produced, arifing from the 
fudden expanfion of the hidrogen, and the ox- 
igen at their union, and the azote at its difen- 
gagement : we fhall fpeak of it in the hiftory of 
filver and gold. Laftly, certain oxides, by be- 
ing decompofed in part by ammoma, which 
they, at the fame time, completely decon^pofe, 
form water with its hidrogen, and nitTic aeid 

with 
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with its azote, as is obferved with the oxides of 
manganefe, of mercury, and of lead ; and fo like- 
wife with bodies very greedy of oxigen, which, 
at the fame time, decompoie water and the ni- 
tric acid, the azote and hidrogen, of thofe two 
compounds are converted into ammonia; 
whereas, on the other hand, when ammonia is 
ti^^ted with bodies which contain, and yield 
much oxigen, its principles may be feparated, 
and united (ingly and folitarily with oxigen> 
which caufes them to appear under the form of 
nitric acid and water. Thefe mutual tra^ifinuta- 
tions, the happy refults of modern difcovery, by 
developing the bafes of the pneumatic do6lrine, 
and explaining phenomena formerly u&known, 
or unintelligible, give great force to this doc- 
trine, and demonftrate its proofs. 

38, All the acids unite with ammonia by 
beat,'' whence they difengage caloric, and form 
falts, which will be ex^imined in die following 
feftionu The phenomena of its union with 
acids are not fo remarkable as thofe wiiich ac- 
compafiy its combination in the ftate of gas, 
becafufe its liquid form does not admit of all the 
changes which take place, when it paflfife from 
the gafeous ftate to the folid and cryftalline 
coHfift^nce. 

39. Ammonia is decompoied by the oxigen- 
ated muriatic acid, but with phenomena dif*^ 
ferent from thofe that take place between thofe 
two gafeous bodies; there is no inflammation 
between 4^m as between the gafes. When li- 
quid 
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quid ammonia and liquid oxigenated muriatic 
^ acid are brought near each other, a white va- 
pour is formed by the appulfq of their fumes. 
When four-fifths of its volume of oxjgenated 
muriatic acid are poured. into a tube, clofed at 
one of its extremities, and one-fifth of liquid 
ammonia poured thereon, and the tube is re- 
verfed, by clofing its open extremity with the 
finger, fo that the clofed part Ihall be placed 
uppermoft, and the open part plunged in' water, 
the ammonia, being lighter than the acid, pafles 
through it; a lively effervefcence is excited, 
and azote gas is collefted from above the fluid; 
this laft contains a fmall quantity of muriate of 
ammonia* Thus we fee, that under the liquid 
form, as well as in that of gas, thefe two bodies 
mutually decompofe each other ; the oxigen of 
the oxigenated muriatic acid feizes the hidro- 
gen of the ammonia with which it forms water, 
while the other principle of this alkali, being 
fet at liberty, affumes the ftate of gas. The mu- 
riatic acid, being fet free, unites accordingly 
with a portion of ammonia. We may avail our- 
felves of this decompofition, to obtain azote 
gas, by paffing the oxigenated muriatic acid 
gas through liquid ammonia, in an apparatus 
proper to colleft the gas. We fee that there is 
no permanent combination between ammonia, 
and the oxigenated muriatic acid ; there exifts 
no oxigenated, muriate of ammonia. Citizen 
Vau-Mons has, neverthelefs announced, that 
this combination may take place without de- 
compofition, 
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compofition, at temperatures below that of melt- 
ing ice. Citizen Vauquelin and myfelf made 
fuch a mixture, by taking ammonia cold and 
congealed by thirty-two degrees below 0, and 
the oxigenated muriatic acid alfo cold and con- 
gealed ; notwithftanding this low temperature, 
a confiderable movement was excited by a dif- 
engagement of very denfe white vapour, and 
decompofition of the two bodies. 

This beautiful property of the reciprocal de- 
compofition of ammonia, and the oxigenated 
muriatic acid, the difcovery of which we owe 
to Citizen BerthoUet, who has been conducted 
by it to the accurate knowledge of the nature of 
the volatile alkali, aifords a means of prevent- 
ing the bad and dangerous effefts of the oxige- 
nated muriatic acid gas upon our organs. For 
this purpofe, it will be fufficient if we put cot- 
ton, externally impregnated with ammoniac, 
between our lips, and in our noftrils : this forms 
a fort of barrier between the aftive gas and the 
thrpat and nofe ; fo that being decompofed be- 
fore it reaches them, it produces none of the 
efFe6ls that render it dangerous, or, at leaft, very 
troublefome. * 

40. Liquid ammonia exerts no folvent adion 
upon filex, zircone, and glucine, in however 
large quantities Ave may employ it, and however 
high we may raife the temperature. It diffolves 
aluoiine in fmall proportion, when this earth is 
in. a ftate of extreme divifion ; it enters with it 
into ternary combinations with the acid3. It 

exerts 
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exerts no a6tion at all upon pure magiiefia and 
little : thefe earths, being more powerful th»n it- 
felf expel . it from its combination^^- efpecially 
with the aid of heat : it, however, in part dif- 
engages magiiefia from its combinations; it, ne- 
vcrtl^iefs^ affociates itfelf with it in tetiiary fa- 
linc compo Hnds, or in trifules, of wKich li^e 
iliall fpeak in the followitig feftion ; it there- 
fore, almoft equals magnefia, with relpeft to its 
attraftions with the acids. It does not unite 
cither with barites^ or pot-^afh, or ibda, ot ftron- 
tian, which are much ftronger, and fivuch mcire 
powerfully 3ttra£ted than it is, in their falified 
combiiuKtions. Water, faturated with ammoni- 
acal gas, does not abforb any m^te of it, xtnkk 
when refrigerated to a great degree. This pro- 
duees no alteration in the properties of the am- 
monia, but only gives greater energy to its al- 
kaline effe6ls 

41. We fee from the preceding details, the 
extent of which is authorifed by the import- 
ance of the fubftance.to which they relate, that 
ammonia is a fpecies of alkali which has the 
greateft relation with moft of the phenomena of 
the fcience ; that it is the only alkali, the com- 
pofition of which is exaftly known ; that it is 
fufceptible of decompofition by a great nuid- 
ber of fubftances, and efpecially thofe that arc 
moft oxigenated ; that it is compofed of about 
four parts of azote and one of bidrogen, or to 
give the proportion more accurately, that the 
a2ot6 is to the hidrogen as 121 to 29; that 

whenever 
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vhenet^er th^fe bodies meet at the moment of 
their hilulation in fuitable proportions^ ammo- 
nia is forsnedy as takes place in the treatment 
of animal fjiibftances by heat, by putrefaftion^ 
by the cauftic fixed alkalis, in the decompofi- 
tioii of the nitric acid, accompanying that of 
watei»; that, cm the contrary, whenever ammo- 
nia h in conta^ with bodies furcharged with 
oxigeft^ and which readily abandon it, this 
priiiciple, * by feizing its hidrogen, and convert- 
itig it into water, leparates from it the azote^ 
s^moft always in the form of gas ; and that in 
geitefal, though it frequently combines in its en- 
titt ftatt, it ineeffantly tends to decompofition 
in which eircuHiftance it differs greatly from the 
four preceding alkalis. 

42. The knowledge of the nature and pro- 
perties of ammonia has diffnfed a great light 
over the general theory of chemiftry, and con- 
tributed much to the progrefe of the fcience. 
The real effefts of this fpecies of alkali have 
been afcertaiiied in a great number of opera- 
tions ; its particular attractions, verified with 
great exaftnefs, have illuftrated a multitude of 
fa6ls relative to the decompofition of falts. 
The hiftory of the double attraflions, and of the 
difpofing attraftions, has been thus greatly ad- 
vanced. Tlie property of yielding ammonia, in 
a great tiumber of analytical procefles> has been 
determined and appreciated in the animal fub- 
' ftances, which, confidered with relation to this 
property, had fo long and fo fruitlefsly occu- 
pied 
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pied the attention of chemifts. The fortnation 
of this alkab', and its decompofition in a nu- 
merous train of chemical operations, has be- 
come a phenomenon eafily to be accounted for, 
whilft formerly they prefen ted a problem of great 
difficulty. The inflammations and detonations, 
occafioned by ammonia under various circum- 
(tances, which had been negle6ied prior to the 
new difcoveries, have now nothing that can 
embarrafs chemifts, who are no longer obliged, 
in order to explain them, to have recpurfe to 
the hypothetical and vague theories which have 
fo long prevailed in the fchools. The mutual 
relations of formation, and decompofition, 
between the nitric acid, water, and ammonia, 
relations which deferve to be confidercd as one 
of the fineft ac'quifitions of the pneumatic doc- 
trine, were feized, and clearly conceived the 
very moment they were difcovered. The ana- 
logies of feveral vegetable fubftances with ani- 
mal fubftances in the production of ammo- 
nia, no longer prefented thofe difficulties and 
uncertainties which, during fo great a length of 
time, embarraflTed the fcience. Laftly, the 
compofition of animal fubftances, the varied 
circumftances of their decompofition, or of the 
putrefaftion Avhich changes their nature, and 
which fometnnes favours the produftion of the 
nitric acid in them, and fometimes develops in 
them the formation of ammonia, have been af- 
certained with a clearnefs and precifion which 

would 
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would have been fought in vain in the ancient 
theoretical hypothefis. 

43. Thefe lights have been at once difFufed 
over themoft important ufes of ammonia ; over 
its medicinal properties, and its ufe in difeafes. 
It has been feen that it is not a fpecific in af- 
phyxia, as had been pretended, and that it does 
not reftore animation by its property of abforb- 
ing acids, but. by its ftimulant qu§ility, as it ex- 
cites the vital aftions in incipient afphyxias pro- 
duced by other elaftic fluids, as Avell as the acid 
gafes. It has been found that it ought not to 
be ufed without caution, and efpecially inwardly, 
on account of its acrimony, as had been 190 
often done in weakneflTes ; and that, in order to 
avoid the mifchief which might arife from this 
inconfiderate ufe of it, people ought to be ad- 
vifed not to wear bottles filled with liquid am- 
monia, but a kind of fcent-box containing a 
fponge impregnated with ammoniacal gas. 

Externally, we have learned to employ it as a 
folvent, difcutient, a very powerful attenuant, 
and even to produce inflammation; it gives eafe 
to parts that have been burned, nipped by the 
frofl, ftung by infefts, S^c. Internally, its ufe 
has been appropriated to a great number of cafes, 
and efpecially to the fpafmodic afte6lions, but 
with lefs confidence, however, efpecially with 
refpe6l to its fpecific powers in fyphilis and 
cancer, than had at firft been announced. An 
heroic remedy has been found in the amqioniacal 
hidro-fulphuret, as powerfully afthenic. 

Vol. II. A a 44. Amongft- 
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44. Anion gft all the re- agents ufed in che- 
mical laboratories, there is none which is of 
greater power, or which is more frequently em- 
ployed, than ammonia. It is ufed in a multi- 
tude of operations, precipitations, decompofi- 
tions, and analyfes, in which it is employed 
with much greater fuccefs than was formerly 
the cafe, fmce its intimate nature and its pro- 
perties have been known. We iliall ^fee many 
of its applications in the enfuing feftions. In 
the arts, in workfhops, and in manufaclories, 
it has great influence .upon the fucceCs of the 
, proceffes which are there pra6lifed* Frequently 
even it is prepared, or manufaftured in large 
quantities by diftilling animal fubftances, in 
order to be afterwards applied to different 
ufes, for artificially compofing fal ammoniac, 
or the ammoniacal muriate. We fhall take 
care to point out the principal ufes to which it 
is applied in a great number of the articles that 
will compofe the following feftions. 
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Article XIV. 

■ \. • 

Concerning the natural Combinations of Earths with 
each other y or of Stones, General and chemical Notions 
ofjjithologif. 

1. IT has been feen in all the preceding ar- 
.ticles, that none of the earthy and alcaline 
.matters, nor of the falifiable bafes of which the 
hiftory has been given, exifts infulated or pure 
in nature, but that art muft always employ pro- 
cefles, more or lefs complicated, to feparate 
them, and to obtain them in a ftate of purity. 
The compounds from Avhich they are extracted, 
conftitute the fpecies of foffils which are called 
ftones, and which when reduced to particles, 
more or lefs fine, by the mechanical a6lion of 
waters, form the natural earths or foils. 

2. The ftones are then confidered by chemifts, 
as compounds of earthy or alcaline matters, 
with each other, and fometimes with metallic 
oxides. Thefe give to them the colour which 
diftinguiflies them; pot-alh alfo is fometimes 
found in them. It is eafy to conceive that the 
various properties of ftones, arife from the dif- 
ferent proportions of their conftituent parts; 
fuch as their form, their hardnefs, their weighty 
their fufibility, their refradory quality, &c. 

A a 3 3. Though 
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3. Though tlie hiftory of thele natural com- 
pounds belong more particularly to mineralogy^ 
of which it constitutes, under the name of 
lithology, an important part, the numerous 
nfes Mhich are made, even in chemiftry, of 
ftony matters, the light which that fcience be- 
gins to throw on the nature of ftones fcarcely 
known, the well-founded hope that accurate 
analyfes will foon give to that branch of liatu- 
ral hiftory the degree of certainty which it has 
hitherto wanted, induce me to include in this 
fyftem, which ought to defcribe all the pro- 
du6lions of nature, as Avell as all the produfls 
of art, thefe combinations of earths with each 
other. 

4. Without entering into a detail of aH the 
properties which are obferved in ftones, or even 
of the numerous varieties which nature pre- 
fents, it is fuflficient for the objeft which I 
have in view to pircfent in particular para- 
graphs, 1ft. A general outline of the chara6lers 
which have been diftinguiflied in ftones, and 
have been ufed to diftinguilh them ; 2d. A no- 
tion of the lithological methods founded on 
fuch of their characters as fall under the fcnfcs ; 
3d. A notion of the fyftems which have been 
eftabliflied om their nature or their intimate 
compofition ; 4ith. The courfe or order which 
the moft modern lithologifts follow, by the ufe 
of both thefe methods ; 5th.. The general pro- 
ceffes or method of analyfis which chemifts 
employ to difcover the conftitucnt principles- 

of 
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of ftones; 6th. Laftlv, Tables of the analvfes 
made of the principal fpecies of ftones at pre- 
<bat knowiL 



Section First, 

Cimcerniag the diftiuMive Chara3tr& of Slones. 

5. IT is almoft fuperfluous to obfcrve in this 
place, that the ftones and tlie natural earths or 
foils, in which they are changed by the move- 
ment of waters, ufually conftituted the firft divi- 
fion of minerals or foffils, which naturalifts divide 
into four claffes ; namel^'^, ftones, falts, inflam- 
mable bodies, and metals : and this cliftin^tion, 
this divilion of minerals into four clafles, is 
tbuijded on their phyfical properties oppofed in 
certain refpefts to each other; the ftbnes arc 
diftinguifhed by their hardnefs, their infipidity, 
their infolubility, ai^id their non-combuftibi- 
lity : they alfo conftitute the great mafs of the 
globe, whiUt the three other clafles of bodies 
are never found but iu difleminated portions, 
in diftinft maffes, beds, pr veins, which can 
only be confi^ered as accelfaries of the fame 
mafs of the earth. 

6. As, on comparing the whole of the ftones 
to that of the other tliree clafles of minerals or 
foflils, chara6ters proper to diftinguilh them 
have been found ; there has alfo been found, on 
comparing the difftjent ftones with each other, 
fbiiiacters capable of diftinguiihing them, and 

^ftablifliing 
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eftablifliing unequivocal diftinftions among 
them. The properties on which thefe charac- 
ter« are founded, and which havx been much 
better ftudied in modern times, than has been 
done in the feries of ages which have elapfed 
fnice the time of Ariftotle to the prefent, are 
diftinguiflied into three genera; namely, the 
phyfical properties or characters, the geometri-r 
cal properties or chara6lers, and the chemical 
properties or charafters. Let us fketch rapidly 
what each of thefe genera prefents to our ol?- 
fervation. 



CharaSlers derived from the Phitfical Properties of 

Stories 

7. It is neceflary to remark, firft, that the 
number of properties on which are founded the 
fpecific und diftinftive characters of ftony fub- 
ftances muft be confiderable, and that we muft 
deduce them fiom whatever differences thefe 
natural compounds may prefent to the fenfes ; 
becaufe natural beings are not perpetuated hy a 
conftant generation like vegetables and ani- 
mals, and have neither lize, internal form, nor 
their colour conftantly identical, — ^^becaufe they 
are independent of each other, and without 
any neceffary connexion, like that of the gene- 
rative fucceffion of individuals which conftitute 
fimilar fpecies, and there can be no real fpecies 
among minerals. The latitude being very 
great which can fubfift between thefe beings, 

hoAvever 
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however fiinilar they may at firft appear, it is 
evident that it is neceffarv to have recourfe to 

ft* 

a very great number of properties, in order to 
diftinguiih them with fuccefs. It is for this 
reafon, that confiderations refpecling the phy- 
iical properties of fiones, have been fo multi- 
plied. 

8. There are eight phyfical properties which 
it is ufual to obferve with care in ftouy matters ; 
A. the denfity or fpecific gravity ; B. hardnefs 
and elafticity; C. tranfparency or opacity; 
D. double or (imple refraftion ; E. elcciricity ; 
F. magnetifm ; G. colour ; H. laftly, tafte 
and fmelL 



A. Specific Gravity. 

9- Bl^ffo^ is the firft who perceived the 
importance of this character in ftones, and ren- 
dered it ufeful. Before him, philofophers fpoke 
of it only as an object of curiofitv, or as a pro- 
perty applicable only to the ufc wliich was made 
of it in the arts. The Ariftotle of France has 
prefented it alfo as an cfTential charafter which 
may ferve to feparate, or to approximate the 
fpecics of ftones. Since this ingmious notion, 
much more attention has been paid to this pro- 
perty. Eafy methods of examining it with 
care are at prefent had, either by the hydroftatic 
balance; or the hydroftatic inftrument of Nichol- 
fon, or the gravimeter of Citizen Guyton. 

10. It 
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10. It is now well known that two ftoncs dif» 
ferent in colour, tranfparency, external or ap- 
parent form, grain or fra6lure, will be of the 
fame fpecies, or approximate Angularly in their 
nature if they have the fame fpecific gravity ; 
that thofe, on the contrary, which are apparent- 
ly fnnilar in other refpe6ls, are really of different 
fpecies when they differ in this quality ; that 
there are, neverthelefs, certain limits in this ap- 
proximation of weight proper to diflinguifli 
either the identity or the diffimilarity of ftones, 
as there are between the whole mafs, or rather 
the totality of ftones, and of metallic fubftances; 
laftly, that the lighteft ftone is at the mofl to 
water as 12,492 is to 10,000, and that the hca-. 
vieft is to water as 44,161 to 10,000. 



B. Hardnefs. 

1 1. The coherence of the ftony particles pre- . 
fent fo many varieties, or modes of exiftence, 
that there is, in this refpe6l, a great difference 
between the different fpecies of flones. Some 
have fo flrong an aggregation that the hardefl 
and highefl tempered fleel does not attack 
them ; others ftrongly refift inftruments Arhich 
attack them though with difficulty. All thefe 
laft detach, by a brifk firoke from lleel, particles 
of that metal which, being thus flrongly heat- 
ed, take fire in the air, and form thofe fparks of 
inflamed iron which are produced in ftrikin^^ 

fire ; 
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fire ;. thefe ftoiies are denominated fcintillant. 
Many others are eafily fcratched or cut by fteel ; 
thefe are eafily chiffeled into fhape ; fome of 
them are even almoft foft, or extremely eafy 
to be broken or pounded. 

12. The property of afluming a polifli, the 
nature and the difference of that polifh, even 
depend on the greater or lefs approximation of 
the particles of ftones or their hardnefs. A fe- 
ries of varieties, or many lliadcs, in the poli fh 
of which ftones are fufceptible, may be diftin* 
guilhed, becaufe this property is of great ufe in 
the arts, either for purpofes of amufement or of 
utility. Thus we fay, a bright polilh, a hard 
poliili, a greafy poliih, a brilliant pplifh, a fine 
polilh, a coarfe polifh, a common polilh, a high 
polifli, Sec. 

13. Though the file, the punch, and the fteel, 
are the principal means which are ufed to cfti- 
mate the hardnefs of ftones, the mutual action, 
of their fpecies, or varieties, is alfo ufed with 
advantage, on each other. The folid angle of 
one ftone is -rubbed on the furface of the other, 
and thus by comparifon a judgment isi formed 
of their refpe6live hardnefs. This method fre- 
quently ferves to diftinguifli them with fufticicnt 
accuracy. The proceffes of the arts, the cut- 
ting, fawing, engraving, turning, fliaping, and 
poliihiug ftones by the different proceffes of the 
>vorkfliop alfo afford valuable information in this 
kind of refearch. Lapidaries, habituated to 
faihion hard ftones, are very capable of deter- 
mining, 
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mining, with precifion, the comparative hard- 
nefs of thefe natural compounds. Tables of the 
hardnefs of ftones are already fuccefsfully con- 
firu<5led after their relation, and their expe- 
rience. 



C. Transparency. 

14. Every ft one is tranfparent m its ulti- 
mate particles, and it is particularly in this 
character that thcfe bodies differ from the me- 
tals which arc totally opaque. But the dif- 
ferent manner in which their particles are ar* 
ranged, with relation to each other, caufes this 
property to vary extremely. Thus there may 
be diftinguifhed in ftones the perfect tranfpa- 
rence, that which is cloudy, icy, ftriated, femi- 
tranfparcnt, and the more or lefs confiderablc 
opacity ; impurity or mixture is often the 
caufc which diminillics or takes away the tranf- 
parcpce, and it has been thought that a ftone, 
formed by the mixture of feveral others, muft 
be entirely opaque. 

] 5. By making ufe of tranfparence as a dif- 
tin6tive charafter of ftones, it is necclfary to 
give to this character only the degree of confi- 
dence or of value which it merits. Frequently 
it only ferves to diftinguifli varieties ; fome- 
rimes it may mark a limit in two fpccies, but 
it is only by affociating it with .feveral other 
properties or charaders which ftrengtlien it, 

tlat 
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that the outlines of the defcriptlon can be com- 
pleted; Avhich it is always propofcd to form in 
^efcribing thefe beings. 



D. HtfraSion* 

\Q. Newton, in his illuftrious refearches 
concerning light, has confidcred with the faga^ 
city of genius the courfe and deviation which 
light undergoes within tranfparent bodies ; hq 
paid fome attention to ftones. Many other 
natural philofophers have attended tp the dou- 
ble jrpfra6lion which feveral ftones prefent; that 
is to fay, the property of doubling the image 
of one obje6i: obferved through the two oppo^ 
fite faces of a tranfparent ftone. Citizen Haiiy 
has difcovered this property in a great number 
of ftones, and h[^s ably explained its mechanifm. 

17. It is to the interior ftruclure, or to the 
refpeftive pofition of the plates Avhich form 
ilones, that the double rcfraftion, which fome 
of them prefent, is owing, Thofe which poffels 
ijt may be diftingiiiihed by that fnigular pro- 
perty, from the fpecles which do not prefent 
|:his chafa6lQr, and which may refemble the for^j 
fner bv other charactej^s. 



E. Eie^ricUjf. 
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E. EhSficity. 

18. Stones appear generally to a6i; in two 
manners with regard to the communication of 
the elcdric fluid. Either they themfelves be- 
come ele6lric by mere heating, when penetrated 
by a fufficient quantity of caloric, or elfe they 
only acquire that property by friQ:ion> or im- 
mediate communication with a body already 
ele6lrified. 

Some of them eafily become very good elec^ 
trie condu6lors on account of the metallic mat* 
ters which they abundantly contain. Nothing 
more is then required but to place them in con* 
ta<5l witli an ele<5lrified conduftor, and to oppofe 
the finger or a metallic ball to it in order to 
draw fparks from it. 

19. It is unrieceflary to defcribe minutely 
the different modifications of the electric pro-* 
perty ; it is fuflficient to know that they form 
ufeful charafters to diftinguifh them from each 
other, as well as to difpofe them methodically 
among each other : a fpecific difl:ind;ion, and 
methodical difpofitidn which conftitute the 
double objeft of the natural hiftory of ftones. 



F, Magiietifm. 

20. Magnetism takes place in feveral 

ftones; feme of them obey it in a remarkable 

manner, 
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manner, on account of the quantity of iron in 
an almoft metallic ftate which they contain. A 
magnetic bar fufpended by 4ts middle on a pivot, 
and rendered very movable by that fufpenfion, 
ferves advantageoufly to determine the prefence 
of that property in ftones.. This chara6ler being 
very proper to eftabliih a certain diftinftion, 
ihould never be neglefted. 

21. By obferving it with attention, on com- 
. paring together the ftoncs which poflefs it, it is 
foon difcovered that it fcarcely ever takes place 
but in thofe, the opacity and grain of which 
announce a mixture more or lefs imperfeft ; io 
that it is to the molecules of iron, difleminated 
among thofe of the ftone, that it is proper to 
attribute the caufe of the phenomenon. Hence 
it will be conceived M'hy, befides the ftones of 
which I am about to fpeak, fome of them exhi- 
bit abfolutely the fame properties as the load-, 
ftone, efpecially the polarity, and confequently 
the penetration and the magnetic current*. 
This laft mode, namely, polarity muft conftitute 
one of the beft means of diftinguifhing the ftones 
among which it is met with, from thofe which 
are (imply magnetic, or attra6lable. 



G. Colour. 

22. Colour is almoft, not to fay always, 
an accidental quality, a fugitive property, 
au inconftant modification in^ ftones. In fa6t, 

thofe 



866 LITlIOLOGICAt CHARACtERS^. 

thofe which feem even to receive from it tfecf 
moft certain character, fuch as the g-ems, are 
frequently without polour, though poffeffing all 
the other properties which characlerife them, or 
which determine in them this or that nature, 
and confequently this or that denominatioD. 
Thus it is that we fee among-the varieties of fe- 
veral fpecies of Hones ordinarily coloured, va- 
rieties which are clear, or abfolutely without 
colour. We raav, therefore, affert with coiifi- 
deuce, that the colour originates from particles 
foreign to the nature of the ftone, which may 
be abfent without changing that nature, and 
without which the ftone would continue to pre- 
fent all its diftinftive charafters. Hence the 
colour can be but very feldom reckotied among 
the eflbntial charafters of ftones, and though it 
be neceflary to indicate the predominant colour 
in the fpecies, as the green in the emerald, the 
blue in the fapphire, or the blue telefia, it is pro- 
per to rank it rather among the modifications 
than in the order of the effential charaders. 
Befides when the colour is taken as a charafter, 
we ufe a vague and uncertain property unlefs 
inflead of a definition we give a fixed example, 
either by mentioning a natural fubftance, or by 
prefenting, by the aid of painting, the fame tint 
as that of w hich we mean to fpeak. 



Tajii 
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H. Tajie and Smell. 

23. Taste and fmell do not exift in any of 
the ftones ; and thefe are, in general^ very rare 
properties among thefe natural compounds. 
There are, however, fome clays and fome filices 
which leave on the tongue a peculiar faint tafte^ 
which may be placed among the eflential cha- 
racters, fince this kind of a6lion on the organs of 
tafte only takes place in two fpecies. The cafe 
is the fame with the fmelL It is not to be met 
with but in the fame ilones ; it is futhcient to 
impregnate them with the hot vapour of the 
breath, in o^-der that they may expand this very 
feiifible odour of moift alumine, which is com- 
monly named the earthy fmell, and which leaves 
no doubt concerning the property which that 
earth has of elevating itfelf in the air with the 
water which attracts it. A fetid odour is alfo 
obferved, in fome mixed ftones, analogoust to 
that of fulphurated hidrogen gas, and very dif- 
ferent from the earthy odour, properly fo 
called. 



Chara&ers taken from the Geometrical Properties of 

mixed Stones, 

< 

24. The properties which the naturalifts 
name geometrical in minerals may be referred 

to 



3^8 tltfiOlOGlCAL CUA^ACrttiS* 

to four modifications : A, the external fofm} 
B, the internal form, or the nucleus ; C, the 
primitive form, or that of the integrant mole* 
cules, on which depends D, the frafture, or the 
divcrfity of the furfaces, which are obferved in 
the fragments. Each of thefe forms being more, 
or lefs regular, is capable of being defined with 
precifion, or meafured with exa6inefs, fo as to 
afford uleful refults in the ftudy of ftones, with- 
out furnifliing, however, veryfure infulatcd cha- 
rafters. The French mineralogifts have greatly 
advanced the fcience under this point of view; 
it is therefore ufeful to exhibit an outline of 
their do6lrine, at the fame time remarking that 
.what will be faid here cpncerning ftones is ap- 
plicable to all minerals in general. 



A. External Form, 

26. If ever fo flight a view be taken of a 
colleftion of ftones^ it is difcoverable that a 
great number of thefe mineral compounds af- 
fect regular forms, or prefent cryftallization* 
more or lefs varied. The firft idea which na- 
turalifts muft have had was that the cryftalHne 
form was conftant, that it could afford a means 
of claffing and of diftinguifliing the flones at 
once, and that it w\^s attached in fome fort to 
their intimate nature. Linnaeus beheld in the 
cryftallization of flones an analogy with the 
organic forms of plants and of animals. Ac- 
cording 
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feotding tohim, the cryftalline form, impreffed 
in fome manner among them by the falts, re-> 
prefents a fpecies of fecundation operated by 
faline fubftances, and he believed that it may 
ferve to difpofe them methodically like the fex- 
ual organs in plants: he then eftablilhed a 
mineralogical method from the form of ftones, 
by deriving their generic denominations frorti 
the falts, which he regards as their generators. 
Thus the diamond was, according to him, a 
fpecies of alum, rock ciyftal a fpecies of nitre. 
But Linnaeus hijnfelf perceived that there were 
many errors in his fyftem, becaufe he feparated, 
in different genera, varieties of the fame fub-» 
ftance, as the calcareous fpar, and he connefted 
in one genus very different ftones. This cele^ 
brated naturalift befides was acquainted with 
but very few cry ftals, and even, with them only 
in a very inaccurate manner. 

26. Rom6 de Lifle ftudied with extreme care^ 
and cbllefted with indefatigable patienceC an 
immenfe quantity of ftony cryftals. He dif- 
covered the variations, and even the apparent 
contrafts of ci7ftallization of the fame fub- 
ftances. He reduced the diverfity of forms to 
general or primitive types. He admitted and 
exhibited a predominant form in each genus, 
compofed of all the fubftances of the fame na- 
ture, and he defcribed the various modifica- 
tions under which that form appeared to be 
malked ; he determined even the gradation, or 
the feries of traufitions between that, form and 
- Vol, U- B b that 
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that of the polyhedra which appeared to diiFer 
moft from it. He firft difcovered that, not- 
withftanding the diverfity of form which the 
fame ftony fubftance affefiled, the charafter 
might be difcovered and determined within a 
certain point, by the conftant value of the 
principal angles. Laftly, he explained the pro- 
du6lion of the principal cryftalline polyhedra 
derived from a primitive form by truncatures ; 
and though this laft method was erroneous, it is 
juft to lay that this work of Rome de Lifle is 
one of the moft beautiful and moft ufeful re- 
fearches wfiich have been made in mineral- 
ogy. 

27. Citizen Haiiy, by ftudying after Rome 
de Lifle, the manner in which the forms of ftony 
cryftals are modified according to what he called 
the laws of diminution, which will be fpoken 
of in the following article, and by reviewing 
all the modifications of which the external form 
IS fufceptible, has propofed^fome general refults, 
immediately applicable to the confiderations 
which are to be prefented here. 

28. The cryftalline forms of ftones cannot 
fcrvc as charafiiters to diftinguilh theii: fpecies* 
Stones do not univerfally nor always aflfefit theic 
forms : the numerous metamorphofes which 
their cryftallization undergoes, prevents us from 
finding in their configuration any common 
j>oint of union, proper to connect thofe toge- 
ther which belong to' one fpecies. It is not 
proper, however, to negle6l the ftudy of forms 

in 
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iri ftones ; it is neceffary to remember, that all , 
the cryftals of one fpecies, having analogy by 
the number of their planes, and of the fides 
which terminate thefe planes, as well as by the 
mutual difpofition of the fame planes, have, at 
the fame time, their angles conftantly of the 
fame meafure, in fuch a manner that one only, 
however modified it may be, may reprefent all 
the others. From this firft truth, demonftmted 
by the refearches of Rome de Lifle, it follows, 
that it is poffible to determine, from the mere 
meafure of angles, all the varieties of ftony 
cryftals coinprifed under one fpecies, or to af- 
certain that two analogous forms of ftony cryf- 
tals belong to different fpecies, if they differ in 
the meafure of their angles^ 

29. If the identical forms, fucb as the cube, 
the regular o6lahedron, the regular hexahedral 
prifni, &c. which are met with in very diffe- 
rent fpecies, be oppofed to the certainty of thus 
diftinguifliing mineral bodies, and to the efta- 
blifhment of a method founded on cryftalliza- 
tion, it will then be fufficient if we combine, 
with this firft charafter of form, a fecond charac- 
ter eafily to be afcertained, in order to derive 
an advantageous ufe from our obfervations con- 
cerning the ftony cryftals. Thus^ though the 
exterior form does not truly reprefent, but in 
very few cafes, the Ipecies among ftones, fome-^ 
times it is alone fufficient to indicate them, and 
in others it only requires to be joined to fome 

B b 2 oth^r 
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other confideration, in order completely to di{^ 
tinguifli the fpecies* 

SO, The habitude which is acquired by a long 
f)ra6lice is neceffary to difcover the forms of 
ftones which are not very evident, particularly 
when the ftony cryftals are grouped or clofe to 
^ach other, or concealed partly in the gangue ; 
it is neceffary to meafure the plane angles, and 
the refpeftive inclination of their faces or edges. 
This meafure is made with an inftrument, which 
is named the goniometer, and of which a de- 
fcription is found in the Journal de Phyfique, 
Jtnd in feveral other works on mineralogy. 



., B. ]Form of the Nucleus or internal Form. 

SI. The external form, or apparent cry ftal- 
lization of minerals, of which we have juft 
fpoken, is frequently, and almoft always, a merd 
outfide which covers a primitive form, and 
varies according to certain laws, whilft the in- 
ternal form is conftant. Bergmann, by ftudy- 
ing the mechanifm of the form of cryftals, was 
the lirft who confidered the different forms 
of the fame fubftance as produced by the fu- 
per-pofition of planes, regularly decreafing 
around a cryftalline nucleus of a conftant figure. 
This original idea, verified by the celebrated 
chemift of Upfal, upon a variety of frac- 
tured calcareous fpar, was afterwards taken up 
and Angularly extended by citizen Haiiy, who 

applied 
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applied it to a feries of cryftallized minerabji 
who generalized it by a very great number of 
ingeiiious refearches, and who difcovered the na- 
tural law$ of the diminutions, both by experit^ 
ment and by calculation, in fuch a manner as 
to render that difcovery abfolutely his own; 
particularly as it was a fortunate accident of the 
frafture of a cryftal which prefented it to ,him^ 
when he was yet abfolutely ignorant of what 
Bergmann had done before him. , This new 
branch of the ftudy of minerals, which confti- 
tutes, in its practical or experimental part, a 
true cryftallotomy, and in its theoretical re- 
fearches a cryftallometry very different from 
tlie incoherent, vague, and frequently erroneous 
notions which were maintained before the dif- 
coveries of citizen Haiiy, now prefent a number 
of general principles which may be explained 
}n a few words. 

32. When the accidental fraftures, which are 
formed in ftony cryftals by the Shocks w^hich. 
they receive, are confidered, it is remarked 
that they tak^ place in direftions peculiar to 
each kind of cryftallized fubftance. If it be at^ 
tempted to divide or diffed the cryftals with the 
blade of a knife, by cautioufly ftriking or 
preffing on thefe cryftals, a praftice which re^ 
fembles the art of cleaving ftones, fo well known 
to lapidaries, it is alfo obfervable that they 
only admit of that diffeftiou in particular di* 
reclions : this direftion is difcovered bv the fa* 
cility of detachJDgf the p^ates of the cryftals, 

and 
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and by the polifhed, fmooth and brilliant fnt^ 
face of thefe plates, By this fpecies of anatOf 
my, we are enabled to derive, or to extra6l:, in 
fome degree, from a polyhedral exterior, a folid 
different from the former, which frequently apr 
pears to have no relation with it, and which 
was included or concealed under a fuperadded 
envelop; thus a cube is extrafted from an oct 
tahedron, from a dodecahedron, an oftahedron 
from a cube^ a rhomboid from a prifm, or from 
another fpecies of rhomboid, &c. 
• 33. All nijnerals, and in particular all the 
ftones, do not appear equally fubjedl to this 
mechanic divifion ; but not to mention that ex- 
perience proves that there are a much greater 
number of them which admit of it than could 
at firft have been imagined, this imperfeftion 
is fupplied in the dire6l examination of their 
ftrudure by obfervation of the ftriae which fur- 
row them, the pofition of the; faces which vio- 
lent fra6lures uncover, or their analogy with 
other divifible cryftals. 

It is afcertained that all the varieties of ex- 
terior form, prefented in the different modifi- 
cations of the fame fubftance, or of one fub- 
fiance of the fame nature, approximate by dif- 
feftion to the fame internal form, to the fame 
identical nucleus, provided with the fame num- 
ber of faces equally inclined to each other, and 
joined by the fame angles. Hence, the deno- 
minations of primitive form for the intenial 
jiuclpus, and oi fccondary forms for thoft which 

differ 
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differ from the former, and are produced by the 
addition of plates, decreafing according to laws 
which have |)een determined. 
' 34. As thefe two forms, which are frequently 
fuperadded to each other, prefent varieties of 
figure, which are fometimes very numerous in 
the fame fubftance, all thefe varieties may be 
confidered under a geometrical point of view, 
as compofed of a conftant quantity, which i$ 
the nucleus, and of a variable quantity, which' 
forms the envelop. Nothing more remains ta 
be done, after this confideration, than to find 
the law of the variation. 

If the figures of the plates, fuperadded to the 
nucleus, be obferved, it will be feen that thefe 
plates decreafe fometimes in all the fides at 
once, fometimes on particular fides only, fa 
that the diminutions have for the limit of their 
departure, or origin, fometimes the edges of the 
nucleus, and fometimes the angles. Now it is 
on this diminution, whether partial or total, that 
all the varieties of fecondary form depend. The 
problem which muft be propofed to difcover- 
thc generation of each of thefe forms, may be 
propofed in the following terms : a fecondary ^ 
eryjial being given^ as xvell as the figure of iU 
nucleus^ and that of its particles^ (fiippofirig, 
moreover, that each of the laminae fuperadded to 
the nucleus be exceeded or overlapped by the' 
preceding laminae, in certain parts, in a quanti-' 
ty equal to one, two, three rows of particles) ; 
to determihe among the d{ftrtnt laws ofdimi-, 

nut ion 
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nutio/tj that from which afQrmJhall refultper'^ 
feBly fifiiilar to the one propofed^ in the number^ 
thejigure^ the difpojition of the faces, and the 
meafure of the plane and folid angles. By caU 
culation, applied to each cafe of fecondary fornix 
4 law of diminution is formed, which anfM^erft 
the conditions of this problem, 

35. The varieties are alfo rendered more evi- 
dent by arranging folids of a fenfible volume 
taken for the integrant particles, about a larger 
nucleus/ in fuch a manner as to prefent to the 
eye a grofs but accurate view of the difpofi-. 
tions of the plates on the faceis of the nucleus, 
and of the produdlion of the different fecondary 
forms by th)5 diminution. A feries of thefe 
models of ftru6lures, of thefe diffedions of cry- 
(lals in wood or in pafteboard, has been macie 
by the care of citizen Haiiy, and it is poflible, 
in proportion as any new fopi is known in its 
generation, to prefent its type to the eyes of 
obfervers. Nothing more is required than to 
reduce thefe grofs folids, by imagination, into 
imperceptible particles, in order to refer the 
artificial ftruftures to the natural. Iii this man-' 
ner it is fhown, either by calculation, or- by 
diffeftion, or; laftly, by the model, lft> that a 
dodecahedron, with equal rhomboidal faces, 
has for its nucleus a cube, on each of the faces- 
of which there are a fucceffion of fquisire plates, 
each decreafing by a row of particles on each 
fide, in fuch a manner that they form quadran- 
gular pyramids, placed on each face of the cube, 

V and 
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and* as the fix pyramids have twenty-four trf- 
^angular faces, two of which lie in the fam? 
plane, there refults from them a fecondary fo- 
lid, having twelve equal rhomboidal faces ; 
Sd, that a dodecahedron, having pentagonal 
faces, Vefults from a diminution of fquare plates - 
on a cubic nucleus, by two rows in breadth oxt 
two of the fides of the nucleus, and by two 
rows in height qn the two other fides, &c. &c* 
All the poffible variations may thus be explain-* 
ed ; but thefe are the general principles which 
we feek, and it is only necelfary to develop 
the refults to which thefe principles lead, 

S6. To explain the poffible varieties of cryf» 
talli^ation by diminution, it is necelTary to un-» 
derftand, Ifl:, that the diminution may take 
place on the fides, by one, two, three or four 
TOWS of particles : 2d, that they may take placQ 
on the fides alternately in height and in breadth^ 
and with differences in the number of rows 
withdrawn ; 3d, that they may take place by 
the angles ; 4thj that the different diminutioas 
may be combined two and two, or in a greater 
number, in fuch a manner that the varieties of 
forms poffible to exifl, or determinable by cal- 
culation, are infinitely more numerous than 
they have yet been found in nature ; 5th, that 
there is fometimes an uniforn^ity between all 
the decreafes, in fuch a manner that they tak^ 
place by one, two or three rows on different 
iides or angles, and fometimes they vary from 
one fide tp another, or form one ang^e to ano-r 

therj 
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ther; 6th, that fometimes the fame fide or the 
fame angle undergoes feveral laws of decreafe 
ivhich fucceed each other ; 7th, that the ntmr 
ber of the laws appears neverthelefs to have a 
limit determined . by the circumftances under 
which cryftallizations are placed ; for example, 
the diminution has not yet appeared to exceed 
fix rows of particles ; 8th, laftly, that there are 
cafes Avhere the law of the diminutioti is inter- 
rupted at a certain height of laminae added to 
the primitive form, or to the nucleus, in fuch a 
inanner that there then exifts, in the fecondary 
figure,^ forms parallel to thofe of the nucleus. 
•* 37. To the bafes of the theory, publiihed by 
citizen Haiiy, it only remains to add the num- 
ber of the primitive forms, or of the diflfercnt 
touclei, which cryftallotomy has hitherto enabled 
us to difcover. It is found, at prefent, that all 
the primitive forms are reducible to fix, name- 
ly, 1ft, the parallelopipedon, fuch as the cube, 
the rhomboid, and, in general, all the folids ter- 
minated by fix faces, parallel two to two ; 2d, 
the regular tetrahedron ; 3d, the oflahedron 
with equilateral ifoceles or fcalene triangular 
faces ; 4th, the hexagonal prifm, with a regu- 
lar or fimply fymmetrical bafe; 5th, the dodeca- 
hedron with equal rhombic faces ; 6th, the do- 
decahedral form of two right pyramids united 
bv their bafes. 



C. The 
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- G» I%e Form of the primitive Integrant Particles^ 

38. The moft difficult queftion to difcufs by 
experiment, and which it is fcarcely poffible to 
Iblve but by reafoning, is that which relates to 
the form of the primitive particles, or of the 
laft integrant particles of minerals in general, 
and of ftones in particular. It is true that the 
folution of this queftion has but little relation 
to the claffification and to the method of dif- 
tinguifliing ftones, fince the forms of the prw 
miti ve particles, even when its precife determi- 
Bation fliall be attained by long and difficult 
labour, will not ferve as characters for ftones ; 
it is only requifite therefore, to treat this fub-^ 
J€6l concifely, merely to know how far we have 
arrived in this refpeft. 

As the internal nuclei of minerals regularly 
icryftallized, however multiplied the internal 
forms which envelop them may be, are reduced 
to fix polyhedra, fo likewife are the primitive 
particles which con ftitute thefe figures, which 
are fo minute that they efcape our fenfes, and 
appear to be reduced to a ftill fmaller number of 
elementary forms. Some attempts at the dif^ 
fpftion of primitive cryftals feem to announce 
that the tetrahedron with triangular faces is the 
nioft frequent primitive form of the particles ; 
to thefe may alfo be joined, in thought, th^ tri- 
angular prifm and the parallelopipedon. Tetra- 
hedrons^ 
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hedrons, arranged in a great many different 
manners, give levery poffible form, as may be 
feen by the artificial generation of parallelopipie' 
dons, from laminae by every kind of fuperpofi- 
tion, of oftahedrons, of dodecahedrons, of 
rhomboids, &c. It is evident then that the 
tetrahedron may be fuppofed the only primitive 
form of the particles, generating every other 
form, as well in the nuclei as in the fecondary 
and external cryftallizations. In this probable 
hypothefis, which is confiftent with the limpli^ 
city and economy of nature, the conftant and 
given forms, both of the nuclei and in the fe- 
condary cryftals of the fame fubftance, depend 
only on the refpeftive difpofition, or the parti- 
cular arrangement of the primitive particles 
among themfelves. It is in the difpofition, and 
the arrangement of thefe particles, which al- 
ways takes place in the fame manner in the fame 
fubftance, that the geometric chara6ler of each 
fubftance confifts ; and this character, or that 
limited difpofition of particles, depends on the 
proper or chemical nature of mineral bodies. 
From this important confideration the form of 
the primitive particles, befides that it is diflfil-* 
cult and almoft impoflible to be difcovered, can- 
not ferve as char afters to diftinguilh ftones ; it 
is their refpe6live arrangement only which can 
aflift in this diftin6lion ; and as this arrange- 
ment is determined by the infpeftion of the 
frafture of minerals, and particularly of ftones, 

'it 
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it is concerning the fradure which it is necef- 
fary at prefent to treat. 



D. Fra3urc. 

, 39. When any (lone is broken, we obferve, 
in the furfaces concealed by nature, a peculiar 
arrangement of their integrant particles, a dif- 
tin£l fpecies of texture in each. It is this ap- 
pearance which lithologifts defcribe under the 
name of frafture ; it affords charafters very ufe- 
ful for the diftin6lion of ftones from each other. 
On comparing all the obfervations made con- 
cerning the form and afpeft of the internal part 
of all known ftones, it is evident, that it is pol^ 
fible to reduce the differences of fra6lure which 
thefe matters prefent, to certain diftinftions. la 
fad, fome prefent, like glafs, furfaces fmooth^ 
poliihed, and undulated in their fradure. This 
charafter conftitutes the *oitreous frafture ; it 
is very marked in quartz, agates, &c. Others 
prefent a half-clear and polifhed furface in 
their fradlure, but which is not equal in all th^ 
places of feparation ; it is formed of portions 
fucceflfively round and concave, and the two 
portions which approximate reciprocally, co^ 
ver each other iu the manner of fmall flates ; 
this appearance is called the fcaly fradure; thefe 
fpecies of concave and convex fcales are fome* 
times broad and long, fometimes narrow, roun$ 
dongated^ fuperficial, hollow, &c. They ai^ 

tne$ 
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met with in tlie different kinds of flint, jafp^f, 
and petro filcx. 

There is another clafs of ftones whicli, wheii 
broken into fragments, exhibit in the furface» ; 
newly expofed, a number of fmall, jutting out ] 
and round points, fimilar to grains of fand worn ; 
by waters. This form is called the granulated 
fra6]ture ; it may be very eafily obferved in grit- 
ftones. The coarfenefs, the finenefs, the varied 
fuufaces of thefe graiiiSj prcfent alfo a confidera- 
bly great number of differences which may be 
iifeful to ferve as the diflinftive chara6lers of . 
many ftones. It is from this fpecies of frafture 
that the figurative name pajie is fometimes giv- 
en to the interior part of ftony matters ; they 
are, alfo, fometimes defcribed under the name 
of grains. 

There are a great num ber of ftones, the broken 
furfaces of which prefent polifhed fhining plates^ 
placed fo as to cover each other, like horizontal 
beds. Moft of thofe have been called fprn^s^ 
this form is called the fparry texture. Thefe 
plates differ from each other as to their extent, 
their height, their thicknefs, their tranfparence, 
or their opacity, their horizontal or oblique pofi- 
tion, relatively to the axis or the diameter of 
cryftallized ftones ; for they announce n true 
cryftallization, when they are brilliant. If they 
do not polfefs the chatoyant or variable fhining 
afpeft, the fra6ture which they form is merely la- 
mellated. When the plates, or the joints^ are not 
continued, but confufed, this texture is nnmed 

plated 
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plated or fcaly. It is the refpedive difpofition 
of thefe plates, fo varied in the gems, the calca-» 
reous, vitreous, and heavy fpars, which occa-^ 
fions the fliining chatoyant afpeO: which is ob- 
ferved in talc, feldt-fpar, and its different fpe* 
cies, fuch as the opal, the natural avanturine^ 
the Labrador ftone, &c. Laftly, fome ftones 
prefent a fine and clofe grain, with a dull or 
mat appearance, and this is what is defcribed 
by the name of argilaceous fraQure. 

Some authors have made ufe of the general 
form combined with thefrafture, for the arrange- 
ment of ftones. Cartheufer, in 1775, has given 
a fyftem of mineialogy in which he diftinguifli^» 
ftones into lamcllated, fibrous, folid, and granu- 
lated ; but the frafture alone cannot ferve -for 
the eftabliihmentof a complete method of lith- 
©logy, and it is neceffary that it lliould be com- 
bined with all the other charafters which are 
here treated of, in order that it may become 
truly ufeful in lithological diftindtions. 



CharaSIers taken from the Chemical Properties of 

Stones. 

40. I DESCRIBE, under the name of chemical 
properties or characters of ftones, all the phe- 
nomena which they prefent when treated by any 
procefs which changes their compofition, which 
alters their natural combination, which modi- 
fies, in a word, the mode of union of their prin- 
ciples, 
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cjples, cither by combining them otherwise tnan 
they were in their earthy compounds, or by 
feparating them, or attempting to feparate them 
in fuch a manner, that it efFefts a more or 
lefs complete analyfis, There are three princi- 
pal efFeds which take place in either of thefe 
aftions, and which mineralogifts have been ac- 
cuftomed to borrow from chemiftry, in order to 
affay and diftinguifh ftones from each other; 
namely, the a6lion of heat alone, the a6lionof 
heat with the addition of fluxes, and that of 
acids. It will be obferved, that the chemical 
properties which are treated of here, are only 
the rapid produ6ls, or the almoft inftantaneous 
refults of fome eafy and quick operations, of 
fome flight eflays which are made on the frag- 
ments of ftones, fometimes very fmall, which, 
though they may conduce to the knowledge of 
thefe foflil compounds, principally as to their 
clallification, are far from giving a fuflficient idea 
of their nature, and cannot be compared with 
tlieir analyfis, which will be fpoken of hereafter. 



A. The ABion of Heat alone. 

4L Stones are aflayed by heat in two man- 
ners, namely by heating them more or lefs ftrong- 
ly and for a long time in crucibles ; this method, 
which can only be employed in a laboratory, 
is but feldom within the power of the litholo- 
gift, and rarely makes ufe of it The other 

procefs 
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Pliny has well defcribed the form of cryftal, 
and the general phenomenon of the cryftalliza- 
tion of foflils did not efcapp him. Antiquity, 
however, did not.poflefs one true notion, nor 
one pofitive idea of the methods of natural hif' 
tory, their advantages, and their neceflity. 

47. It was in the eighteenth century alone 
that the denominations of kingdoms in natural 
bodies was adopted, that the mineral kingdom 
was particularly admitted, that mineralogical 
metliods were imagined, and the diftin^live pro- 
perties or charafters fought, in order to clafs and 
diftinguifh the different fpecies of ftones. It 
was natural at firft to take, for thefe chara6ters, 
fuch properties as are the moft apparent, the 
mod fenfible, and the moft eafily obfcrved, and 
tliat lithological methods in particular fhould 
be founded on what are called external charac- 
ters; that is to fay, on the properties' which 
thefe compounds prefent to our fenfes, without 
caufing them to undergo any alteration what^ 
ever. - ' 

48. In running over the different claffifjca» 
tions of minerals propofed fucceflively by Bro* 
mel, Cramer, Henckel, Wolflerdorfl, Gellert, 
Caitheufer, Jufli, Lehman, Vogel, Scopoli, 
Aviiich were all more or Icfs eflablifhed on the 
fenfible charafters which the eye could difco^ 
ver in thefe bodies, it was fgon known that 
the diftindtions at firft admitted Would be in^ 
fufficient to diftinguifh them without error^ and 
th^t they were more adapted %o {approximate 

diffiipilar, 
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ters, than by heat alone. The principal efFeft 
of thefe matters being to aflift' their fufion, 
they are, on this account, iiamed fluxjes. Fre- 
quently 2t ftone, M'hicb alone does not prel'eut 
any alteration by the influence of heat, is more 
or lefs confulerably afFeded when heated with a 
fixed alkali, or with olie of the falts which will 
be defcribed ill the following feftion/ The man- 
ner in which each of the ftones is affefted when 
it is heated with different fluxes,, its fufion more 
or lefs quick or flow, eafy or difficult, complete 
or incomplete, liquid orpafty, the kind of mafs 
which refults from it, opaque, tranfparent, vitre- 
ous or enamelled, fcorified, ox denfe and com- 
pa6l, the colour which it principally aff5?£li^, and 
which almoft alwayis depends on the nature and 
the proportion of the metallic inattci^ which it 
contains — ^thefe form fo many ufeful character^ 
employed by mineralogifts to difcover and dil- 
tinguilh each fpecies of the icA'^eral compomida ; 
and when the external characters or the fcnfible 
properties do not fuflice to determine with ac- 
curacy the fpecies, this aftion of the flaxes em- 
ployed with the blow-pipe is frequently ufeful 
to that determination by removing doubts 
dpftroying uncertaintiQs, and explaining the 
nature of the fjxjcie^,. - - 

C» Aflion cfthc Acids. 

44. The a<3ion of the acids is, in general, 
very weak . on raoft ftones. It was formerly 

. - .. thought 
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tliought of ufe in charafteriziiig them, when a 
number of fali.ne fubftances were placed among 
thefe bodies, the bafes of which are earths, or 
acidiferous earthy bafes as the modern French 
mineralogiftshavenamedthem, becaufe a ftrong- 
er acid, by driving off a weaker from thofe, ordi- 
narily difeijgages it under the form of globules, 
and with a frothy motion called effervefcence. 
But it is no longer by this property that the acids 
can be of ufe to lithologifts, fince the exaQ; dif^ 
coveries of chemiftry have removed, from tko 
clafs of ftones, and referred to that of faline bo- 
dies, thefe pretended effervefcent ftones. There 
Temains then, for the a6lion of the acids, only two 
effeds, or rather two oppofite phenomena which 
they produce on ftones ; either they arc perfect- 
ly and compfetely unchangable ; or they be- 
come more or lefs quickly deftroyed and dif- 
folv^d by thefe agents. Moft frequently, this 
laft alteration takes place only in the courfe 
of time, permitting the acids to a6l flowly on 
the ftones which are immerfed in them : whehce 
it follows, that this ufe of the acids is little ad- 
vantageous to lithologifts, who wifli to fee afi 
effe€t which can be quickly appreciable. It is 
much better ^appropriated to the analyfis of 
. ftones, a^s I fhall explain at the end of this ar- 
tide. 
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Section Second. 

Concerning the Litftoiogical Methods which are founded 

on the Phiifical Properties, 

45. THOUGH the fenfiblc differences which 
cxift betAvecn difltrent ftony foffils, may be left 
numerous and lefs evident, at firft figlit, than 
thofe Avhicli, arc observed betM'^een the fpecies 
of organized vegetable and animal bodies, yet 
when we' examine them with attention, it is 
evident that they are fometimes fufficiently de- 
finite and muhiplied, to be ufeful in difcovering 
and diltinguilliing them. This was according- 
ly the firit method adopted to chara6terile and 
arrange thefe produ6lions of nature; The firtl 
notions alfo, which men have adopted from ne- 
ceffity concerning the different properties of 
ftones, may be regarded as the early (ketches of 
lithological methods. The treatife of Theo- 
phraftus on ftones is a (ketch of this defcrip- 
tion, 

46. In the time of Pliny, ftones were even 
then diftinguiihed from falts, from bitumens, 
and from metals; and a divifion into iiyjx 
claffes already exifted. The elefti ic property 6f 
amber, and the attraftion of iron bv the load- 
ftone were known : already the ftones formed 
diftin6i; groupes. The marbles and the gems 
were feparated ; the hard and the Toft ftones. 

Pliny 
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Pliny has well defcribcd the form of cryftal, 
and the general phenomenon of the cryftalliza- 
tion of foflils did not efcapp him. Antiquity, 
however, did not.poflefs one true notion, nor 
one pofitive idea of the methods of natural hif- 
tory, their advantages, and their neceflity. 

47. It was in the eighteenth century alone 
that the denominations of kingdoms in natural 
bodies was adopted, that the mineral kingdom 
was particularly admitted, that mineralogical 
methods were imagined, and the diftinflive pro- 
perties or charatlers fought, in order to clafs and 
diftinguifh the different fpecies of ftones. It 
was natural at firft to take, for thefe characters, 
fuch properties as are the moft apparent, the 
mod fenfible, and the moft eafily obfcrved, and 
t^iat lithological methods in particular ihould 
be founded on what are called external cliarac- 
tcrs; that is to Cay, on the properties' which 
thefe compounds prefent to our fenfes, without 
caufmg them to undergo any alteration what^ 
ever. >■ ' 

48. In running over the different claffifica» 
tions of minerals propofed fucceflively by Bro* 
mel, Cramer, Henckel, Wolflerdorfli Gellcrt, 
Caitheufer, Jufti, Lehman, Vogel, Scopoli, 
Avliich were all more or lefs eflablifhed on the 
fenfible charafters which the eye could difcor 
ver in thefe bodies, it was fgon known that 
the diftindlions at firft admitted Would be in^ 
fufficient to diftinguifh them without errorj an4 
tbo^t they were more adapted \o {approximate 

diffiipilar, 
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diflimilar, and to fcparate fimilar fubftances froiq 
each-otiier ; or to confound for a long time, the 
fcience of regularly 9.rranging tbefe conipounds, 
with the art of merely characieriieing them, 
pr merely knowing them at fight. The iame errop 
has been committed ats in all the other parts of 
natural hiftory, becaufe the enfleavour to aflRard 
m^ans of diftinguifhing them has been accom? 
panied by an attempt to coinbiiie their claffifi- 
cation and arrangement with the pretended re- 
lations which were fought for between them. 

49. This fingular pretenfion, which has done 
jnuch. injury to the progrfefs of the fcience> i^ 
exhibited more particularly in fomc lithological 
fyftcrris, by naturalifts/whb confider ftones only 
^-ith regard to one of their properties ; they have 
wiflied to draw, from-tbis fingte confideration, an 
order which they pretend is natural for their re- 
lative difpofitiou, and a method, which they 
afliert, is eafy to diftinguifh them fi'om each 
other. Siich have been, among the labours of 
the moft illuftrious modern piineralogiffs, the 
fyftems of Linnaeus and of Rom^ de Lifle. 
Thefe two able naturalifts have eftablifhed their 
claffification as well as their diftin6lions between 
ftones, on thejr cryftalline form - alone. The 
firft, guided by a philofophic view, indeed, has 
given only an-imperfe6l and erroneous fketch, 
which, without beina: ufeful in the real know- 
ledge of ftones, has howeyer been the fource of 
the greateft difcoyeries concerning cryftalliza- 
tion. The fecond, after an immenfe labour on 

^le cryftalline forms of ftones, and their varie- 
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ties. 
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ties, has fo multiplied the diftinflions, the fpe-:: 
cies; and- the varieties, that, notwithftanding 
hh indefetigaWe afttvity, his accurate defcrip-* 
tions, aftfd^ his methodical progrefs, thole whd 
have followed him have not been able to con- 
fidfer life work in any other view than as afource 
of materials?. ^' The fate of thefetvvo fyftems has 
ppowd that a fittgle geometric charafter is in- 
tuflkieflt, eitller to clafs ftones, or fpecifically 
to tiefcribe aud diftinguilli them. 
: 50. . iflftmdledJ by the infufficicnty of thiis 
fyftematic courfe, and guided by a light left 
decritftil and uncertain, 6ther able mineralogifts 
hJanre- happily perceived that no fingle property 
eanbe of udeto eftabliftireal diftinclions amofig 
Ijjones; that it is neceffary to diftinguiih care- 
fully the fyftem which, by common chara6ier», 
feeks'to arrange thefe compoimds with each 
c^her, from that artificial method, of which the 
aim is to tieach the means of diftinguiihing 
tbeiii uneqaivoeally and without error. They 
have happily aflbciiated and compared all the 
apparent or feniiWe properties of ftones; by 
'4)ppofiiig,,aiid Gbhtpaftiitg them with each other, 
they have eftabliflied chara?l*ers proper to dif* 
tinguifli thefe bodies ; they have given a kind 
of porUait, by decompofing, in fome meafure, 
all the traits of tlicir phyfiognoiny ; and their 
outlines; which have the ftrongeft refemblance; 
are then confldCt*ed as anfwering the intended 
pui-pofe. Suth particularly are the methods of 
Wadlerius^ and more efpecialljf of Pnubeptoi^ 
and WerJier, : l ,. 

^l- Thefc 
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51. Thcfe two laft minjsralpgifts have efpecially 
availed tliemfclves of the liardnefs, %hp brittle- 
nefs, the tranfparency, leTiii-ti'g.nfp^rency, ot 
ppacity, the form, frii<6ture, grain, colour, appa-r 
rent texture, the furface, whether dull, iinpoth, 
bright, chatoyant, the difpofitipp of the la- 
luinnc, thedirejftiqn ofthepl^tei^,-^diflt6iion, elec- 
tricity pr inag netifm^^ appearanpp and colour of 
the produce, fpecific gravity, 8^c. ; in s^ >»'6rd, 
of all the properties which can fall under the 
fenfes, and are not calculated to produce error 
or uncertainty. 

52. J3ut, however advantageous this method 
of charafterizing ilqn^s niay be, which is pvi-. 
den tly reducible tp a cfear ans^lyfis pf their phy- 
{\c^\ properties, whatever m^y. be the facility rt 
affords pf diftinguifliing eacb kind of itone by 
reducing it to its juft yajue, \vp muft by nq 
means forget that it cannot be applied for dif-^ 
pofmg thefe compound^ in a natural prder; 
that it will never ferve to indicate their Jnti- 
mate nature or cpmpofition ; t^hat it is nqt capa- 
ble of anfwering^its own peculiar pbjeft, unlefs 
a faithful enumeration of all the properties of 
each individual ftone be given ; and, that other- 
wift we llipuld conftantly be in danger of coU' 
founding the ftony comppunds with faline or 
metallic matters, as has happened with the moft 
fkilful nomenclators ; and that the method muft 
conlequently be confidered only as an approxi- 
mation. It is, in faft, a table by the help of 
which we may find the objedi intended to be 
(iudied ; but which can never difpenfe us from 

the 
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th^ nec^ffity of inyeftigating the properties and 

^ intimate nature, if we are rfelirous of knowing 

^he body we examine., and paiticularly to de-r 

termine the nfes to which,the ftones mity be 



Section Third, 

Concerning tht TJlhohgical Sj//lam founded an the 
Nature or the Comjpojition of Stone. 

'a 

53. IT was undoubtedly becaufe the ftudy of 
the phyfi<?ni properties, ' or the external charac- 
ters of ftonesfoon convinced lithologifts that 
thefe properties, far from conducing to the 
exa6t knowjedge of foffils, \rere only capa-» 
ble of giving falfe ideas, and producing errofs 
refpeSing their compofiti oh ;•• that feveral au- 
thors adopted the prbjeft of claffing them ac-' 
cording to their combination pr their intimate 
nature. Cronftedt is the fii4l who executed 
this plan, and who'propofed to eftablifli diftinC^ 
tioris between ftones founded on the nature and 
proportion of their conftituent principles,- 

54; ri'his happy thought, w^hich forms the 
pnly real foundation and folid bafiscif lithology ; 
which, ifrom the mere art or the routine of dif- 
tinguiihing; and naming them, elevates it to a 
truefciende; this ihappy thought, fmce the time 
of that firft S wedifh mineralogift, who has ti-aced 
a fketch of it, has much engaged the attention 
^ chemifts, who have fucceffively contributed 



to extend, to improve and to complete it! ; and 
this great labour is ridt j/et terfifnttatedi ' not- 
withffcanding the rwimcrous refcarchesi whicH 
have been made, without intermiflidiiifince the 
time of Cronftedt. It is to the. fertes ©f anst-^ 
lyfes, made fmce the middle of the eighteenth 
century, for the analyfis of ftones, and for the 
conftruftion of sl true lithologieal fyftem, that 
we owe a great many difcoveries ; by the aid of 
which the opinions of mineralogifts. have beea 
gradually reftified, and a number of faline or 
acidiferous metallic fubftances removed from 

the clafs of ftone&. : ;• - - ' ' . ' 

55. The courfe firft opened by Gron'ftedt hat 
bcem finCe followed with great ftiiccefe by Berg* 
mann, by M. Eirwan, and by De- Born^ - Thefir 
iHuftrious philofopheis, by carry ing , the light of 
chemiftry into the ftudy of minerals iti' general,, 
and of ftones in particular,, have eftablifhed li- 
thologieal fyftems, in which the ftones are ar- 
ranged, according to the principal eartlis pre-* 
dominant in each. Thus it will eafily be con-* 
eeivcd that it is poflible, by taking for the che- 
mical charafter the earthy matter moft abundant 
in ftones, to forrti of them as many. genera a^ 
there are eartlis^ which may in effect conftitute 
their bafe ; thus we may underfbznd whgit Berg- 
mann and Kirwan have denoiipinate4 the iiliceous, 
aluminous, magnefian^ calcareous;, and baritic 
genera. We may advance. fUrther than they, 
in. thought, by admitting as pctffible the ziicone, 
glucine and ftrontian genera. 

. 5R A 
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.56. A defc6l, not to fay an error, which fome 
^We iHineralogHts hzkve not beeft aWe to avoitf,' 
becamfe they bare pamitted tliemfeives to be: 
Jed by the habitual opiniong of thofe who have 
prececkd them, and becaufe they hav(5 not con- 
fined their progrefs within the fevere limit which 
method imperioufly prefcribes, at prefent, to 
thofe who ft?Uow it, is, that they have con-r 
founded among the ftones, by thus taking for 
the type of eaeh genus a particular earth, thc^ 
^greater part of tlie fahne conipouiKfe which the 
hiodern inmeralogifts, enlightened, indeed, by^ 
the ftrift apalyfes which have been lately made, 
arrange in a clafe apart' from their fyfteiu- under 
*he namis of acsidiferou^ fubft?ances ; and it wjff 
h^ feci) hereafter that it is ftill more immedt? 
ately neccflkry to feparate tl>efe bodies frdtat 
ilones in a treatife of chemiftiy, ' : - ^ ' • 

St. The lithologicai fyftems Av^hich are here* 
jeonfideied, muft ftill bjs regarded only as at- 
^mpts^ becaufe the analy fis of ftoncs is very- 
far from being carried fo far as to enable us toi 
pompare the nature of each of them, and fcon- 
fequently to difpofe them all in a determinate 
feries by the order of their compofition. It is 
for this reafon that, notwithftanding: the efforts 
of the three authors here mentionjed aniong the 
moderns, there is not yet any relation, or con- 
nexion between the received notions, the names 
given to ftony compounds, and . the nature of 
tbefe foffils which is (iijt, in many inftances; 
only in pait fcnoM^m 

58- If 
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58. If we compare the litliological fyftems, 
founded on the compofition, and the appreciated 
nature of ftones, with the methods derived from 
the phyfical properties, — while we obfer^e that 
the former are alone capable of affording a 
true notion of thefe produ6lions from the na- 
ture, as well as from the laws which it follows 
in their formation, their changes, and the for-f 
mation of their varieties, — it will, neverthelefs, 
be feen that thefe fyftems can never fupply the 
ufes of the firft methods ; that they will never 
afford the means of diftinguifhing ftones from 

each other by infpe6lion, or of teaching to de» 
termine their fpecies by the eye ; and hence that 
thefe two kinds of confideratipns ought to b^ 
affociated with each other to complete the re- 
gular fyftem of the cl^ffification of ftones, and 
the proper method of knowing thepi. Such is 
the proceeding adopted in the aftual ftate of 
mineralogical fcience ; a courfe of which it will 
be ufcful to exhibit a (light fketch in tj^is 
place. 



•• 



Section FoyRT^. 

Concerning the DiftinBion of Stones admitted in thefe 
fatter Times by the French Mineralogical Schools, 

* 

59' THE number of foffils which were com-^ 
prehended in the clafs of ftones, beii^g formerly 
jnuch more confiderable, genera and fpecies werg 

eftabliihe4 
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eftabliihcd in this order of fubftanccs ; and this 
diftributibn was founded, fometimes on the in- 
timate nature or the chemical properties, fome* 
times on the apparent or phyfical properties 
only, fometirhes even on both jointly. At pre- 
fent, as the new order adopted in mineralogy 
excludes from the number of ftones all the 
earths or bafes in general that contain acids, 
and. prefents thefe in particular under the 
name of acidiferous fubilances, the French mi- 
neralogifts do not regard as real ftones, nor 
comprehend under that denomination any 
earthy fubftances, except pure aflemblagcs or 
combinations^ of eaxths. Hence the number of 
thefe natural combinations, which conftitute 
ftones, are found to be fo diminilhed, that it is 
no longer necelfary to eftablilli genera among 
them, nor all the diftinftions which were for- 
merly indifpenfable. 

60. It is for this reafon that, in the laftme- 
thod adopted by the School of Mines de France, 
and prefented by Citizen Ilaiiy, in the Extra6l 
from hi^ Elementary Treatife of Mineralogy, the 
number and the proportions of the eartlis elfen- 
tial to each of thefe fubftances, not having been 
yet fufficiently explained by analyfis, this phi- 
iolopher prtfents merely a feries not fubdi- 

' vided into genera, and (imply avails himfelf, 
in the arrangement of that feries, of the rela- 
tions or the diftcrences of nature, which can 
be eftimated by obfervation between- tha fub- 

• ftances which conftitute it. 

61. According 
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€l. AGcordmg to this proceeding, he has iWt'^ 
trngirifhed forty-five fpecies of compound earthy 
fuhftanccs, or of ft ones under names partly old 
and pajtly new ; thefe laft being founded on the 
Left knoAvn properties of thefe bodies. The 
forty- five fubftances arc fuccdBvely placed ia 
the followins: order : - 



1ft, Quaitz. 

2d, l^ilex. 

3d, Zifcone. 

4th, Telefia. 

5th^ Cymophane. 

6thj Rubv. 

7th, Topaz. 

8th, Emerald. 

9th, Euclafe. 
lOtb, Garnet. 
11th, Leucite. 
12th, Idocrafe. 
13th, Feldt-fpar. 
14th, Petro-filex. 
15th, Corindon. 
I6th, Ceylanite. 
17th, Axinite. 
18th, Tourmaline. 
19th, Amphibole. 
SOth, A6linote. 
2 1 fl, Pyroxene. 
22d, .Staurotide. 



g4th, Smaragdite* 
25th, Oifanite, 
26th, Dioptafe. 
27tK Lazulite. 
28th, Zedite. 
29th, Stilbite* 
30th, Prehnite. 
31ft, Chabofie. 
S2d, Analcime. 
33d, Sommite. 
34th, Andreolite. 
35th, Peridot. 
36th, Mica. 
37th, Cianite. 
38th, . Tremolite. 
39th, Leucolite. 
40th, Dipyre. 
41ft, Afbeftos. 
42d, Talc. 
43d, Chlorite. 
44th,. Made. 
45 th, Argil. 




23d, Ths^Uite. 

We will proceed to give a fliort notice of each 

of 
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ti thefe earthy fubftances, and of their fpecific 
charafters. 

62, - Quartz : a hard fcintillant ftone, fcratch- 
ing glafs, with a brilliant undulated vitreous 
fracture, having double refraftion in its tranf- 
parent varieties^ the primitive form or the 
nucleus of which is the pyramidal dodeca- 
hedron, and the integrant particle the irregular 
tetrahedron, very, hard and difficult to cut, re- 
ceiving a beautiful polilh, infufible and incom- 
buftible, phofphorefcent by rubbing, the fpe- 
cific gravity of which is between 25813 and 
20701. It is named rock cryftai when it is un- 
der a regular form ; it prefents a great number 
of varieties in its forms, its colours, and themix-^ 
tures of metallic oxides. The names of its prin- 
cipal varieties, are either the denominations 
from the^olours fubjlituted inftead of the old 
names, fuch as red quartz inftead of the hyacinth 
of Compoftella, the ruby of Bohemia and the 
Sinople; violet quartz inftead of the amethyft, 
blue quartz inftead of the water fapphire, yellow 
quartz, inftead of the occidental topaz, greeu. 
inftead of prafe, &c. ; or they exprefs the rela- 
tions of furfaces, or apparent figure, fuch as thofe 
pf the primitive rhombiferous, plagibedral and 
lenticular quartz; or accidents, or mixtures, 
fuch as the words milky, fmpky, iridefcent, 
i^iicaceous, amyanthean. / 

The grits are removed from th^ fpecies of 
quartz, . becaiife thqy are aggregates of agglu- 
tinated fragments, fpccies of breccias, or pud- 
ding 
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ding-ftoncs, which eiight no,t to be reckoned 
among primitive ftones. 

The moft abundant component pai-tof quartz 
is filcx ; it is found united frequently with a 
little alumine, and fometimes with iron, or 
fome other metallic oxides. 

Befides the ornaments and the jewels to viiich 
thefc rare and beautiful varieties of quartz are 
appropriated, its common varieties are applied 
to a number of different purpofes. 

63. Silex : a hard ftone always opaque, or 
very (lightly tranfparent, more or lefs coloured, 
fcratching glafs, and fometimes quartz, fpecific 
gravity between 2,4 and 2,6,,fcintillant, never 
cryftallizcd, of a texture frequently vitreous, 
fometimes fcalv, conclwidaL or undulated. The 
agates, and the jafpcr in which the filiceous mat- 
ter is mixed with clay and oxide of iron, which 
renders it a condu6lor of ele6lricity, are now 
confidered as varieties of this fpecies. The 
principal varieties of filex arc, the cotnmon 
flints of chalk-ptts, the light-coloured pebble, 
or gun-flint, grinding-ftonc, or rotten quartz, 
calcedony, the opal, hydrophane, cacholong, tlie 
cornelian, the fardonyx, the chryfoprafc, the 
agate onyx, the eyed, herborized, fliaded, veined, 
frothed pebble and agate, the heliotrope, jafper, 
the enhydrias, the pechftein, or reflniform filex, 
the menilite or pechftein of Menil-Montant, 
the red, green, blood-coloured, and party-co- 
loured jafpcrs. Analyfis has exhibited more 

mixture 
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mixture in filex than in quartz, and particular- 
ly-fnore of the metallic oxides. 

The varieties of filex are cut and poliflied to . 
form hard jewels and ornaments. They are of 
ufe for obtaining fire by the ftrofce of fteel. 
Mullers, mortars, and other untcnfils are made 
of it. 

12. The zircofie: a hard, fcintillant, tfanf- 
parent ftone, fufceptible of a beautiful polifh, 
fcratching quartz though with difficulty, hav- 
ing a ftrong double refradion, of which the fpe- 
cific gravity is between 4,2 and 4,3, and even 
as far as 4,3858 ; its primitive form is an o6la- 
hedron with ifoceles triangular faces, which is- 
parallelly fiibdivided into ifoceles triangular 
faces, that pafs through the perpendicular of 
the triangles, and the form of the integrant par- 
ticles is a tetrahedron. Though this fpecies 
includes the two (tones w^hich are named hya- 
cinth and jargon, the firft is itfelf defcribed un- 
der the name of jargon : we fay the jargon hya- 
cinth, and the jargon of Ccyloa. It appears' 
that this name is derived from its refemblance 
to the diamond, which it feems to refemble, as 
the jargon, in falfe language, refembles elo- 
quence. Thefe fpecies of ftones firft afforded 
jjmd ftill exclufively afford the earth which is 
named zircone ;' becaufe the jargon is called the 
zircone at Ceylon. Tl^e following varieties 
were difcovered by Citizen Haiiy, either in the 
ipecimens of France, particularly thofe of the 
brook of Expailly, or in thofe of Ceylon. 

Vol. 11. D d a. The 
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a. The primitive zircone^ or oQahedfc^il, the 
form of the integrant particles of which appears 
to be the tetrahedron from Expailly. 

b. The dodccahedral zirconey having four 
hexagoiftal planes, with fummits of four rhom- 
boidal faces, the ordinary form of the hyacinths 
of Expailly, of Ceylon, &c. 

c. The prifmatic zircone; the primitive form 
augrtlented by a prifm which feparates the two 
pyramids; it is that of the jargons of Ceylon 
properly fo called. 

d. The amphi'oBahedral zircone; eight planes 
furrounding the prifm, and eight faces to the 
tM'o fummits; hyacinth of a gieeniih yellow, 
named chryfolite of Ceylon by fome natu- 
ralifts. 

e. The zonary zhxene: facets forming a 
zone round the prifm. 

f. The plagihedral zircone : triangular facets^ 
fituated flopingly and bearing two againft two ; 
jargons of Ceylon. 

g. The quadruple zircone; a cryflal with 
thirty-two faces, a number quadruple of thofe 
of the primitive nucleus. 

h. Five other, varieties according to the 
limpidity, or the aurora red mixed with brown, 
the reddiih, the yellowiili, and the greenilh. co- 
lours of this ftoiie. 

Thejargoa is a natural compound of aircoae, 
of filex, and frequently oxide of iron. It^Nj-Tpe- 
cies are only of ute as orimments; they are 

reckoned 
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teckontd among the precious ftoiies, or cryftal- 
line gems* 

13. The telejia ^ this new name, of Citizen 
Haiiy, which implies a perfect ftonc, is given 
to tlu'ee of the moft beautiful ftones, which were 
formerly comprehended among the precious 
ftones, or gems, namely, the ruby, the fapphire, 
. and the oriental topaz of the kpidaries ; becaufe 
•thefe three' ftones are of the fame fpecies, or 
^approximate each other in all their properties, 
and particularly in their hardnefs, their fpecific 
gmvity, form, and inalterability. The cele- 
brated mineralogift already mentioned, at firft 
named this fpecies oriejital ; it is one of the 
hardeft and moft tranfparent of ftones. It cuts 
all the other ftony fubftanccs. Its fp. weight is 
from 3,991 1 ^o 4,2833 ; its refradlion is fimple. 
There are reckoned at leaft eight varieties; 
fomc, derived from the form, and named primi- 
tive, clongatedy minor y enneagonai ; others from 
their clear, red, blue, or yellow colour. The 
moft frequent form is a dodecahedron, or two 
hexahedral pyramids united, or elfe a prifm 
. having fix regular fides, of which the fe6tions, 
. parallel to the bafes, are alone very perceptible ; 
this is the primitive form. That of the inte- 
grant particles is an equilateral triangular 
prifm. Sometimes thefe ftones are found cryf- 
tallized of two or tliiee colours in the fame 
piece. Frequently the telefia is rounded. It is 
met with in the kingdom of Pegu ; fome very 

D d 2 fmall 
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a. The pi^imitive zirconCj or oftahedfOil, the 
form of the intcj^raiit particles of M'hich appear* 
to be the tetrahedron from Expailly. 

b. The dodccahcdral lircoiic^ having four 
hexapjottal planes, with fnmmits of four rhom- 
boiclal fares, the ordinary form of the hyacinth* 
of Expailly, of Ceylon, &c. 

c. The prifmatk zireone; the primitive form 
augmented by a prifm which feparates the two 
pyramids; it is that of the jargons of Ceylon 
properly fo called. 

d. The amphi'Oclahedral zireone; eight planes 
fiirrounding the prifm, and eight faces to the 
tM'o flunmits ; hyacinth of a greeniih yellow, 
named chryfolite of Ceylon by fomc natu- 
ral ifts. 

e. The zonary ztrcene: facets forming a 
2one round the prifm. 

f. The plagihedral zireone : triangular facets, 
fituatcd ilopingly and bearing two againft two ; 
jargons of Ceylon. 

g. The quadruple zireone; a cryflal with 
thirty-two faces, a number quadruple of thoie 
of the primitive nucleus. 

h. Five other, varieties according to the 
limpidity, or the aurora red mixed with brown> 
the rcdclilh, the yellowiili, and the greeniih co- 
lours of this ftoue^ 

ThejargoB i^ a natural compound of 2ircoBe, 
of fdex, and frequently oxide of iron. It^lpe- 
cies arc only of uib as ornaments; they are 

reckoned 
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teckoned among the precious ftoiies, or cryftal- 
line gems* 

13. The telejia '. this new name, of Citizen 
Haiiy, which implies a perfect ftonc, is given 
to tlu-ee of the moft beautiful ftones, which were 
formerly comprehended among the precious 
ftones, or gems, namely, the ruby, the fapphire^ 
and the oriental topaz of the kpidaries ; becaufe 
♦thefe three' ftones are of the fame fpecies, or 
approximate each other in all their properties, 
and particularly in their hardnefs, their fpecific 
gravity, form, and inalterability. The cele- 
brated mineralogift already mentioned, at firft 
named this fpecies oriental ; it is one of the 
hardeft and moft tranfparent of ftones. It cuts 
all the other ftony fubftanccs. Its fp. weight is 
from 3,991 1 to 4,2833 ; its refradlion is fimple. 
There are reckoned at leaft eight varieties; 
fomc, derived from the form, and named primi- 
tivCy clongatedy minor ^ enneagonai ; others from 
their clear, red, blue, or yellow colour. The 
moft frequent form . is a dodecahedron, or two 
hexahedral pyramids united, or elfe a prifm 
. having fix regular fides, of which the fcftions, 
. parallel to the b^ifcs, are alone very perceptible ; 
this is the primitive form. That of the inte- 
grant particles is an equilateral triangular 
prifm. Sometimes thefe ftones arc found cryf- 
tallized of two or three colours in the fame 
piece. Frequently the telefia is rounded. It is 
met with in the kingdom of Pegu ; fome very 

D d 2 fmall 
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finall fpecimens are alfo found in the brook of 
Expailly. 

Tlie blue telefia exhibits, by analyfis, an 
enormous quantity of alumine, nearly 0,99^ 
The metallic oxide ^vhich is found in the co- 
loured varieties, is only accidental to it, and 
merely reprefents the deficiency of the proper 
matter of the ftone. Its ufe is almoft entirely 
in ornaments, and jewels : jewels or bafes for 
the pivots of watch- work are made of it. 

14. The ci/mophane : this name, which figni- 
fies undulating iighty has been given by Citizen 
Haiiy to a ftone which approaches to the telefia, 
but, however, differs from it fufficiently to form 
a peculiar fpecies. Its name is derived from its 
prefenting milky reflexions, mixed with bluiih 
gleams ilfuing from its interior, and arifuig, as 
it would appear, from a flight feparation between 
its plates. 

This ftone has been falfely regarded as a 
chryfolite by the jewellers ; fonie naturalifls 
have defcribed it by the name of opaline chry- 
folite^ but it difllsrs too much, in its hardnefs, 
its form, and its weight, from the chryfolite 
(which is, at prefent, referred to its true fpecies, 
that of the phofphate of lime, according to the 
difcoTCiy of Citizen Vauquelin), to be con- 
founded with it. The name of chryfo-beinl, or 
of beril of golden yellow, which M. Werner has 
given to it, exprefles a colour which it never 
has, and a relation with the beril, or emerald, 

^ which 
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which does not really exift. The following are 
the diftin6live properties of the cymophane. 

Its colour is frequently of a yellowifli-green, 
or the green of afparagus, fometimes approach- 
ing the yellowiih-brown. Its milky and bluifli 
jeflefilions iffue from its interior, and are on a 
plane parallel to one of the faces of the cryftal; 
it has a fingle refradion; its fpecific, gravity is 
3,7961 ; it marks glafs ftrongly. Its moft 
common cryftalline form is an oftahedral prifm, 
with fummits having four trapeziums and two 
reflangles* Its pi:imitive form, as well as that 
of its integrant particle, is a reftangular paral- 
lelopipedon. It appears that a variety defcri^ed 
by Emmerling, and the formation of Avhich 
has been appreciated according to a particular 
law of decreafe by Citizen Haliy, prefents a 
regular hexahedral prifm, the bafe of which 
exhibits elongated hexagonal tables, having 
equal angles, indicated by the firft of thefe na- 
turalifts. There is a third variety, where the 
prifm has twelve fides, four of its edges being 
replaced by two elongated facets by virtue of 
a decreafe by three rows in height, and by four 
in breadth. The calculation from the known 
forms, as well as the undulated texture, which 
the plates prefent in two dire6lions, perpendicu- 
lar to each other, give for the primitive, or 
middle form of the cymophane, a right quadrila- 
teral prifm, the faces of which foi-m right angles. 

The cymophane is diftinguifh.ed from the 
telefia, to which it ap|)roaches in hardnefs, by 
its fpecific gravity which is a little lefs, and by 
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its moft common fomfis, and of its^joints which 
arc fenfibly parallel to the lateral faces ; whei-eas 
in the telefiq,, the joints are parallel to the bafe of 
the prifm ; the refleftions which fometimes take 
place as well in the telefia as in the cymophane, 
follow the fame variety of direftiops as the join-* 
ing of the plates. 

^ M. Klaproth has found in the cymophane 
much alumine, with a little lime, filex, and very 
little oxide of iron, 

The cymophane has not yet been employed 
except as a jewel It is not much valued among 
Japidaries, on account of its cloudinefs which 
ahnoft deftroys its tranfparency, It comes from 
Brazil, and from Ceylon ; it is aiferted that it is 
alfo found near Nertfchinfk in Siberiia. 

15. The ruby .• there are only the two fpecies 
of ftones formerly Uiimed Jpinelle ruby, and ba- 
fais ruby which belong atprefentto this order; 
this ftone differs much from the oriental ruby, 
pr the red variety of the telefia w^ith which 

it has been confounded, and of which it has 
been regarded as a variety. The ruby weighs 
between 3,6458 and 3,7600. Its hardnds is 
fuch that it deeply and eafily marks quartz, and 
itfelf is fcratched only by the telefia j its texr 
tare is vitreous; its relVaftion fimple. Its pri- 
mitive form is the regular oftahedron, which is 
frequently found in this ftone, but with flight 
variations ; the form of its integrant molecule 
is the re2:ulai tetrahedron. There are reckon- 
(?d feveral varieties of form and colour: name- 

iv, 



CLASSIFICATION OF STOXES. ^07 

ly, for the form, the primitive ruby, the emar- 
ginated, the hemitrope; for the colour, the 
fpindk ruby of a brilliant red, the balais ruby 
of a pale-rofe colour, the blue ruby, or fapphire 
of the Germans, tlie orange ruby named *ver- 
million by the lapidaries. 

Its aaalyfis, which prefcuted to Citizen Vau- 
quelin, as well as to M. Klaproth, a great 
quantity of alumiqe but no filex, and only a Ut- 
tle magnefia, has exhibited alfo the prefence of 
the new metal which he has difcovered in red 
.lead, and alfo in the ftate of chromic agid as it 
is in this lail. This acid produces its red co- 
lour ; fo that this ftone is a chromate with a 
great excefs of alumine. 

The ufe of the ruby is limited, on account of 
its rarity and its fmall bulk, to jewels, and 
watch-woi*k. 

\6. The topaz : the fpecific name of topaz is, 
at. prefeut, given to ftones very d liferent from 
what was formerly named the oriental topaz, 
and which" is a telefia, as h^s been feen. The 
a6lual topaz, or that properly fo called, now in- 
cludes thofe of Brazil, of Saxony, and of Si- 
beria, The name of topaz is derived from an 
ifland where the ftone, fo caUed by the anc;i^nts, 
was found. 

The fpecific characters of this ftone confift. in 
its weight, which lies between 3,531 1. to, 3,5642 ; 
its Uardnefsis fuch that it fcratches quartz, and 
is itfelf fcratched by the ruby; its double 
refr^on; its eledlricity, vitreous on the one 

• fide, 
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fide, and refinous on the- other, excitable by 
heat in thofe called Brazilian and Siberian to- 
pazes ; its undulated and vitreous brilliant frac- 
ture longitudinally ; its primitive form, the fame 
with that of its integrant molecule, confiding in 
a right prifm with rhombic bafes, the great an- 
gle of which is 124° 22', and in which the fec- 
tions, parallel to the bafes, are alone clear and 
very fenfible. It is infufible by the blow-pipe ; 
it becomes red or colourlefs when heated in a 
crucible. 

According to the laft analyfis of the Saxon 
topaz, made by Citizen Vauquelin, it contains 
much alumine, and a little lefs than half as much 
of filex. 

The varieties, which Citizen Haiiy has de- 
fcribed, are eight in number, according to its 
form ; namely, the amphioclahedral topaz, hav- 
' ing eight vertical faces between two pyramids 
with four faces ; the cuneiform^ having a fum- 
mit in the form of a wedge ; the monojiic with 
one terminal face perpendicular to its axis ; the 
duodenary, prefenting twelve faces on the con- 
tour of its prifm ; the diftiCy prefenting two rows 
of oblique facets ; the diffimilar^ in which the 
inferior row of oblique facets has four more 
in number than the fuperior; the cylindroidhdiX' 
ing a prifm deformed by roundings and longi- 
tudinal grooves ; the rounded worn by water. 

He announces ten varieties by the colours ; 
the clear topaz of Siberia; the yellow topaz of 
Saxony and of the Brazils ; the faffron-yellow 

topaz 
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topaz of India ; the reddijh-ydlow topaz rubicel 
or rubacel ; the greenifli-yellow topaz, the chry- 
folite of Saxony ; the greenijh-blue topaz, the 
aqua marine of Daubenton, of Briffon, the Bra- 
zilian fapphire of de Lifle ; the red topaz, the 
Brazilian ruby, or balais ruby of the lapidaries; 
the milky topaz. ^ 

Laftly, the fame naturalift admits three other 
varieties founded on the tranfparence, namely, 
the tranfparerit topaz, the femi-tranfparent and 
the opaque topaz ; which, in all, form twenty- 
one varieties. 

The beautiful varieties of this ftone are ufed 
in jewellery ; but they are never of any great 
price in commerce. It appears that the topazes 
of Brazil, heated till they become red, are fre- 
quently fold and ufed under the name of rubies 
of Brazil. 

17. The emerald: the beautiful green colour 
of the emerald which has been given, for a long 
time, as^ an effential chara6ier of that ftone, and 
its lively effed, have caufed it to be regarded, 
in^ll times, as one of the moft magnificent pro- 
4u6lion$ of nature. Its phyfical charafters are 
a fpecific gravity from 3,7227 to 2,7755 ; hard- 
nefs fufficient to fcratch quartz, though it may 
be fcratched by the telefias ; a double refradiou 
which ceafes to take place when one of the 
faces of the refringent angle is perpendicular to 
the axis of the cryftals ; a very fenfible eledtric 
property by rubbing. Its geometric characters 
are tlie primitive form of the regular hexahedral 
, . prifm, 
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prifm, and an equilateral triangular prifm for 
the integrant particle. Laftly, its chemical cha- 
rafters are a perfefl; unalterability in a moderate 
heat, or a change to a bluifli tinge in a ftronger 
&ve, fufibility by the blow-pipe into an opaque 
grey or whitifli glafs, in which greenifli or bluiih 
points frequently remain. 

The number of its varieties is very confidera* 
ble. Five principal ones are deduced from the 
rorm ; namely, the primitive emerald, or hexa- 
Jiedral prifm, which alfo varies by the regular, 
irregular, and alternate inequality of its fix 
(ides ; the peridodecahedral emerald, formed of 
twelve equal or unequal faces ; the blunted eme- 
rald, the rhombeolar, and the fymetric eme- 
ralds, the edges and angles of which apj>ear to 
be truncated, or are replaced by facets different- 
ly configured and arranged. 

The colour affords feven principal varieties 
of this flone ; namely, the perfect green, the 
deep green, the blue-green, the yellow-green, 
the pale green, o^ beril, or aqua marine, the 
white-green, and the white. Citizen Bournon 
has found, in the mountains of Forez, an eme- 
rald, green in the middle and white at its two 
extremities ; and Citizen Dolomieu has found 
one altogether white in the granite of the if-^ 
land of Elba. Laftly, the tranfparence affords 
three varieties in the emerald, the tranfparent, 
the femj-tranfparent, and the opaque. It is 
very feldom that an emerald, of confidera- 
ble fize, poffeffes a beautiful tranfparence ; moft 

frequently 
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frequently the emerald is cloudy, full of ftains, 
or entirely opaque. 

This ftone has been very abundant in Peru, 
whence have come almoft all thofe Avhich are 
met with in commerce, under the name of eme- 
ralds of the old rock; no more of them are to be 
found at prefent, and even thefe firft mines are 
no longer known. They have been found in 
France, in die mountains of the ci-devant Fo^ 
Tez, Charolais, and Burgundy, and in the ifland 
of Elba. That which is named emerald of 
• Brazil, is a tourmaline. The ancients procured 
them from Egypt, Scythia, and Baclriana. 

The emerald and the beril contain about two 
thirds of their weight of filex, and one eighth of 
alumine. It was in the firft of thefe ftones that 
Citizen Vauquelin difcovered his new metal, 
chrome, in the ftate of green oxide, and in both 
of them a new fpecics of earth, glucifte, form- 
ing nearly one fifth of their weight, Bergmann, 
M. Klaproth, and Bindheim confounded it with 
alumine. 

The emerkld is much in ufe as a jewel ; it pro- 
duces a very fine effe6l, and when it is com- 
pletely tranfparent, and \vell coloured, of agrafs 
green, it affords a great price. Some ancient 
phyficians have attributed to it virtues almofl 
miraculous. 

1 8. The euclafe : this name, which fignifie3 
ecijily broken^ has been given by Citizen Haiiy 
to a new ftone brought from Peru by Dombey; 
it was at fjrft confounded wjth the emerald o\\ 

account 
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account of its greenifh tint and its country, 
but it differs from it in many of its properties. 
Its fpeciftc gravity is 3, 0625. It has a very 
marked double refradion. Though fufficiently 
hard to fcratch glafs eaftly, and quartz flightly, 
it does not give fparks with the fteel, but is 
broken by the fliock. Its cryftals are eafily di- 
vided in the dire6iion of four planes parallel 
to their axis and perpendicular to each other. 
Two of thefe divifions are neat and ealily obtain- 
ed ; the other two are rugged and difficult to 
be obtained. 

The primitive form of the euclafe is a right 
rectangular prifm ; that of its integrant particle 
is the fame. A variety of this ftone prefents 
lixty-fix faces, ten parallel to the axis, and 
twenty eight at each fummit 

The euclafe has not yet been analyfed: we 
only know that it is fulible, by the blow-pipe, 
into a fpecies of white enamel. It is of no ufe, 
becaufe it has not yet been fufficiently abun- 
dant to be employed. 

19. The garnet: this ftone was long confider- 
cd as one of the moft common gems, is alfo one 
of thofe which has been moft examined, and is 
beft known. Its fpecific gravity is from 3,651 1, 
to 4, 1 888. It is hard enough to fcratch quartz ; 
its refra6lion is fimple; its frafture undulated 
and brilliant ; its primitive form is the rhom- 
boidal dodecahedron ; that of its integrant par- 
ticle, the tetrahedron with equal and fimilar 
ifoceles triangular faces. 

Fiva 
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Five principal varieties are known in its form ; 
namely, the primitive, or the dodecahedral gaT- 
net, with rhombic planes ; the trapezoidal, or 
the garnet with twenty-four faces, aad the 
intermediary variety of the preceding ; the 
garnet in a lamellated mafs, and the Jhapelefs 
garnet, the pyramids of which are not terminat- 
ed ; three other varieties with relation to the 
colour, the red garnet, the green garnet, and the 
black garnet; finally, three with relation to 
the paffage of the light between its laminae, 
the tranfparent, the femi-tranfparent, and the 
opaque. 

Several chemifts have analyzed the garnet : 
according to M. Klaproth, it contains ^ of filcx, 
a little more than ^ of aldmine, -^ of magnefia, 
a little more than |- of oxide ot iron, and a lit- 
tle lime, and oxide of manganefe. It is*one of 
the hard ftones that are the moft fufible and the 
moft eafily attacked by the acids. 

The garnet is much employed as an onia- 
iiient, though it is one of the ftones laft in eiti- 
mation, and of the loweft value. 

20. The Leucite : this is the name which 
Mr. Werner has given to a cryftaljizcd ftone, 
which has fome analogy in its form with the 
garnet, and which had been temied white ga?'- 
net. As it is frequently found in volcanic pro- 
du6is, it has been imagined tjiat it proceeded 
from garnets naturally heated ; but this opinion 
has been found to be erroneous ; bcfules which, 
the leucite is found in non- volcanic fubftances, 

and 
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and even in primitive mountains; it is frequent- 
ly met with in fubftances which the fubterra- 
neous fire ought to have altered, and which, ne-^ 
verthelefs, have undergone no alteration. The 
charafters of the leucite have a fp^cific weight of 
2,4634 ; a middling hardnefs which does not 
fcratch glals unlefs with difficulty, a rough 
fracture fometimes flightly undulated ; a white 
or grey colour, with a flight yellow tinge, com- 
bined with a femi-tranfparency which is but 
feldom obferved in it ; the primitive form of a 
cube fubdivided diagonally according to planes 
falling through the edges and through the ceu- 
tre, — a form which is the fame as that of the 
integrant molecule. 

There are fome varieties of form, of colour, 
and of confiftence in the leucite. Its nioft or- 
dinary figure is a polyhedron, terminated by 
twenty-four equal and fimilar trapezoids, per- 
feftly refemblirjg that of the trapezoidal garnet. 
We meet with fome fpecimcns.that are lamellat- 
ed, and mis-fiiapcd ; fome are femi-tranfparent, 
opaque, hard, friable, whitifli, grey, greenifli, 
yellowifii, fpotted ; fome are fmooth, others gra- 
nulated, and, as it were, farinaceous, ^hc leu- 
cite is molt frequently inclofed in lavas. 

It is in this ftone that M. Klaprothhas found 
pot-afli united in the proportion of one fifth with 
more than double its M^eight of filex, and with 
a little more than its weight of alum inc. Citi- 
zen Vauquelin has fince confirmed this intereft- 
ing difcovery, and extended it to the lava which 

nioit 
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moft commonly contains the cryftals of leucite, 
as well as to the earths which aiford alum by 
the mere evaj>oration of their lixivium M^thout 
addition^ 

21. The idocrafe: Citizen Haiiy has given 
this name to the ftone which had been termed 
the hyacinth of volcanos, or hyacinthine, and 
which is very different from the true hyacinth* 
This denomination, which fignilies a mixed 
form, is deprived from the circumftance that its 
^cryftals partake of the forms of feveral other 
known minerals. 

It is charafterized by a fpecific gravity be- 
tween 3,390 and 3,409, by a hardnefs which 
fcratches glafs, a double refraction, a (lightly 
Ihining rough fra6lure, which is fometimes a 
little undulated. Its primitive form is the cube 
divifible in thedire6lion of the diagonals of twa 
oppoiite faces ; that of its integrant molecule is a 
triangular prifm with rectangular ifofceles bafes. 

The varieties of form, in general, are referri- 
blc to the prifm of eight fides, terminated by py- 
ramids with four faces, truncated, as it were,r 
more or lefs near to their bafes, the edges of 
which are more or lefs replaced by facets : the 
principal of thefe varieties are five in number, 
amongfl: which there is one that has been term- 
ed nonageJi7nt by Citizen Haiiy, and which, pre- 
fenting ninety faces, appears to prefent the ma.v^ 
imum of the fecondary forms that have hitherto 
been exhibited* Thcfe varieties of form are, 

more*- 
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moreover, diftinguiflied by a brown, yellow, or 
green colour. 

Though the iclocrafe is met with am6ngftthe 
fubftances ejefted by volcanos, it belongs to thev 
ground itfelf th^t has been torn up by the fub- 
terraneous fires, and is not, as has been erro- 
neoufly imagined, the produft of thofe fires. 
Accordingly it has only been found amongft the 
firft ejeflions of the volcanos, efpecially at 
Vefuvius. 

It is fufed by the bloM''-pipe into a yellowiih 
glafs. It has not yet been analyzed. 

22. Fcldt'fpar : this is one pf the moil fre- 
quent Hones in nature. It conftitutes a part of 
the granites. Its Ipecific gravity is between 
2,4378 and 2,7045. Its hardnefs is fuch that 
it eafily fcratches glafs, and emits fparks 
with the fteel, on which account it has been 
ieimed fcintillating /par. It has been termed 
fpar, on account of its lamellated and variegat- 
ed fracture. The tranfparent pieces have a dou- 
ble refraftion. It is. difficult to render it elec- 
tric by friftion, even when it is very trarifparent. 
Two pieces rubbed againft each other, emit a 
fenfible phofphoric light' Its primitive form, 
as well as that of its integrant molecule is ^m 
irregular oblique angled parallelopipedon. 

The intimate nature of this ftone is not yet 
well known According to the analyfis made 
of it by Meffrs. Scopoli, Weftrumb, Morell, Fa- 
broni, and Meyer, filex conftitutes the greateft 
part of its compofition ; its proportion has been' 

indicated 



CLASSIFICATION OF STONES. 417 

indicated at between 0,55 and 0^74. The alu- 
mine is the next moft abundant principle ; it is 
faid to be contained in it in the proportion of 
0,17 to 0,36. Four of the above mentioned 
chemifts have found magnefia from 0,04 to 0,06; 
and one of them. has found "lime from 0,01 to 
0,06, Iron alfo exifts in it, and appears to be 
its moft variable element. Three of the che- 
mifts, who have analyzed it, affert. that it con- 
tains barites. Citizen Vauquelin has found 
pot-afli in it. It is known that feldt-fpar is fufi- 
ble into a fpecies of white enamel, and that the 
fixe^ alkalis remarkably accelerate its fufion. . 

Its fecondary form exhibits fix varieties : the 
rhomboidalj the Jimilar^ the apophanous^ the , 
polynomous^ the fcmi'irwerfe^ and the aggre- 
gated feldt-fpar. Befides thefe are diftinguifh- 
ed the tranfparent, ^ovrntrXyn^Wtdi white fchorly 
and adularia ; the unformed ; the pearly, or 
Jijh's eye; the chatoyant, or cafs eye; the 
opaline or Labrador-ftone. The feldt-fpar is the 
petvnzti of the Chinefe ; its great ufe is to ferve 
as a flux for porcelain ; and it is very evident 
that this property depends upon the prefence of 
pot-aih, fo that porcelain is a fpecies of vitrifi- 
cation. 

23. Petrojilex : this name which was for- 
merly ufed to denote a ftone which feemed to 
be intermediate between the pebbles, and that 
which was improperly termed calcareous ftone, 
is retained to denote a fubftance very diftinft 
from all the other fofTils in it$ texture, its grain, " 

Vol. 11. Ee its 
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its afj)cd, &c. Citizen Daubcnton cliarac^erizcs 
tlie petrofilex by a femi-tranfparency reiembling 
that of wax, and its fcaly frafture. Its Ipeci- 
Tic gravity is between 2,6o27and 2,7467- It 
emits fparks by the fteel ; it never has a lamel- 
latcd texture, but one that is (lightly granu- 
lated, or, as it were, conchoidal. Analogous to 
filex in its a})pearance, it differs chiefly in its 
fufibility before the blow-pipe. It never af- 
fiimes tlic cryftalline form, nor becomes tranf- 
parent. Its principal varieties are the common 
petrofdex, the earthy, the rcfiniformy or pecA- 
ftc'in^ the jadie?i or jade of Sauffure. M. Kit- 
wan has found, by analyfis, that petrofilex is 
•compofcd of a hirge proportion of filex, alumine 
to the amount of a third of the former, and 
verv littje lime. 

Citizen Haiiy feems to confider this ftone ra- 
ther as a homogeneous fubftance fufficiently 
diftinct from the other ftones, as in the extraft 
of his Treatife of Mineralogy, he exprefles 
liimfelf in the following manner : " Modem 
naturalifts give the name of petrofdex to a fub- 
1'tance in which feldt-fpar forms tlie predominant 
part, and which is mJxcd with the other com- 
ponent principles of granite in fuch a manner, 
that its grains are indifcernible to the eye." 
Thus he appears to have conlidered it as a very 
fine granite. 

24. The corindon : this is the name given in 
China to a ftone which was formerly termed 
scry improperly adamantine fpa)\ fince it is 

verv 
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very far from poffeffing the hardnefs of the dia- 
mond, which was at firft attributed to it. Its 
fpecific wei2;ht is 3,8732. It fc,ratches glafs 
very ftrongly, and quartz fenfibly. It has a 
double refradion. Its primitive form is a rhom- 
boid a little pointed ; it is obtained in very neat 
feftions. The form of its integrant molecule is 
the fame. 

Three very diftinft varieties, of this ftone are 
known ; the prifmatic corindon, or in a regular , 
hexuhedral prifm ; the ternary corindon, the 
faces of which have alternately three, fix^ and , 
nine fides ; the fub-pj/ramidal corindon, or hav- 
ing incipient pyramids. 

The name ofjicrotome has been propofed for 
this ftone, on account of its property of cutting 
many hard bodies^ and of the ufe which is 
made of it. \ 

M. Elaproth, who had at firft imagined he 
had difcovered a new and particular earth in 
this ftone, an earth which had already been 
admitted upon his authority under the name of 
corindonian earth, has fince found it to be a 
compoutid of a large quantity of alumine, with 
a little filex, and iron. 

25. The Ctylonite : this ftone has been con- 
founded with the tourmalines of Ceylon, amongft 
which it. is found, or with the fchorls, and the 
garnets. Its fpecific weight is from 3,7647 to 
3,7931. It is futficiently hard to fcratch glafs 
ftrongly, ai^d quartz moderately. Its colour 
appeai^s like a deep ^ack, but its fngiall fragments 
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are femi-tranfparent, and of a dark-blue colour. 
Its fraftnre is vitreous and undulated ; its pri- 
mitive form is the regular octahedron, and 
that of its integrant molecule the regular tetra- 
hedron. One of its moft frequent varieties is 
the octahedron, the edges of which are inter- 
cepted by facets ; this is the boixlered Ceylonite. 
Citizen Collet Defcotils has found, by analyfis, 
that it contains 0,68 of alumine, 0,16 of oxide 
of iron, 0, 12 of magnefia, and 0,02 of filex. It 
has hitherto been met with only in cryftaLs of a 
deep black colour. 

Q6. The axinite : this term, which implies the 
being fliaped into an edge like the head of an 
axe, has been given by Citizen Haiiy to a ftone 
which had been confounded with the fchorls, 
and called the molef, or the green fchorl of 
Dauphiny. Its fpeciiic gravity is between 
3,2133 and 3,2956; it is fufficiently hard to 
fcratch glafs; its refraction is fimple. Jt is 
difficult to determine its primitive form, on ac- 
count of the want of continuity of the natural 
joints ; it is a ftraight prifm, the bafes of which arc 
obliquangular parallelograms, and which is fub- 
divided into two triangular prifms, which re- 
prefent the integrant molecules. 

There are few varieties of this ftone; the &«- 
ticular^ the inJleSted, the violet, and the green, 
are particularly to be diftinguiflied. The laft- 
mcntioned • owes its colour to an admixture of 
chlorite ; its form h the moft regular and the 
neateft. 

M. Klaproth 
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Mr. Klaproth has found in the axinitc, half 
its weight of filex, a fourth of alumine, a tenth 
of lime, and anotlier tenth of the oxides of iron 
and manganefe. The latter metal aifords the 
violet colour. This ftone is fufed by the blow- 
pipe into a femi-tranfparent glafs, of a greenifli- 
white colour. 

27. The tourmaline: the ftone definitively 
termed tourmaline, comprehends varieties 
which, at different periods, have been con- 
fidered as fchorls, emeralds, peridots, fapphires. 
Thefe errors will, in future, be avoided, by com- 
bining all the chara6i;ers that belong to this 
fpecies. - 

Its fpecific gravity is between 3,0863 and 
5,3636; it is hard enough to fcratch glafs ; its 
refraftion is fimple. It is rendered eledric by 
heat ; but in a contrary manner at the two ex- 
tremities of its cryftals which have different 
faces, according to the difcovery made by Epi- 
nus in 1756. It is not found to be tranfparent 
except when viewed acrofs the thicknefs of a 
cryftal; it always appears opaque, when the 
vifual axis is parallel with that of this cryflaL 
Its frafture is generally undulated, and brilliant, 
frequently articulated. 

Its primitive form is an obtufe rhomboid, of^ 
which the plane angle at the fummit is about 
113-|- degrees, and which is fubdivided into fix 
tetrahedrons. Its integrant molecule is an ir- 
regular tetrahedron. 

In 
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In all the fecondary cryftalline forms, what- 
ever they may be, one of the fummits conftant- 
^ ly differs from the other in the nmnber of its 
facets, fo that we may know, before-hand, 
which of the two fummits will exhibit the phe- 
nomena of the vitreous, and which of the refin- 
ous eleftricity. Citizen Haiiy diftinguifhes the 
following fix principal varieties, according to 
the form of the cryflals ; the voy obtufe tour- 
maline, the ifogonous tourmaline, tho homolo- 
. gous tourmaline, the unequal tourmaline, the 
fuper-compounded tourmaline, the cylindroid 
tounnaline. This flone differs alfo in its co- 
lours ; which are black, green, brown, yellow- 
i/li-green and blue. 

Bergmann found, by analyfis, that it con- 
tains more than half its weight of alumine, a 
third of filex, a tenth of lime, and a very fmall 
quantity of iron. It fufes before thfe blow-pipe 
* into a white or grey enamel. Thefe flones are 
brought from Madagascar, Ceylon, Brazil, Ty- 
rol, and Spain. 

28. The amphibole : the amphibole has long 
been confounded with the tourmaline by fuch 
fallacious analogies, that they have fuggefted to 
Citizen Haiiy the name which he has given it. 
It has been termed opaque fchorl^ hornbende^ 
lamellated fchorl ; it is the fubftance nioft ge- 
nerally defignated as fchorl. Its fpecific gravity 
is 3,25. It fcratches glafs ; its fradlure is rough. 
Jts primitive form, as well as that of its inte- 
grant molecule, is an oblique prifm with rhom- 
bic 
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bic bafcs, the fides of \vhich are inclined to-, 
wards each other at an angle of about 124-|- de- 
grees. The feftions parallel with thefe fides 
are very neat. It is lefs hard than the tour- 
maline*; it does . not become eleftric like this 
ftone by the action of heat ; it affords a black 
glafs before the blow-pipe. Three principal va- 
rieties are diftinguifhed with refpecl to form; 
dodecahedral, the bifo7'm, and xht fuper-com^ 
pounded amphibole. Some fpecimens are black 
and others green. 

Mr. Kir wan has found it to contain more thaU 
a third of filex, than a fourth of alumine, near- 
ly a fourth of iron, and almoft a fifth of mag- 
nefia. M. Heyer has found the fame fubftances. 
in it, but in proportions confiderably different 
with refpeft to the filex, which he has indicated 
as much more abundant. 

29. The aStinote, This is a ftone which 
Sauffure has termed rayonante^ of which the new 
name is the exa6l fynonyme : it has been con- 
founded with fchorl under the name of green 
fchorl ; its fpecific gravity is 3,3333. It is hard 
enough to fcratch glafs; its fradtui^e is fome- 
Avhat undulated and fiiitiing. Its primitive 
form is a prifm with rhombufes for its bafes, the 
planes of which are inclined towards each other 
at about 124-5- degrees. Its integrant molecule 
has the fame form, which is that of the amphi- 
bole. Its moll frequent variety is an oblong 
hexahedral prifm of a grey colour. It fufes 
into a yellowiih grey enamel, in which it dif- 
fers 
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fers from the amphibole, which it fo nearly re- 
fembles in its form, that it will not be poffible 
exaftly to determine the difference unlefs we 
fliould obtain cryftals terminated by fummits 
with facets. Hitherto we fiave only fuch as 
are fractured. It has not yet been analyzed. 

SO. The pyroxene. By this term Citizen 
Haiiy implies the being a Jiranger to fire, and 
thereby announces that the fubftance to which 
he gives this name is not a volcanic produft, as 
feveral mineralogifts have believed. This ftone 
was formerly termed blackJchorlyVolcanicfckorl; 
it is frequently found upon or in volcanic fub- 
ftances, btit that is becaufe it has conftituted 
a part of the rocks that have been converted in- 
to lavas. The following are the fpecific charac- 
ters which Citizen Haiiy has found in the py- 
roxene. Its fpecific M^eight is 3,2265. It has 
little hardnefs, it fcarcely fcratches glafs ; its 
frafture is rough, its fi;ru6lure lamellated, but 
lefs fo, than that of the amphibole. Its primi- 
tive form is an oblique prifin with rhombufes 
for its bafes, the fides of which are inclined to- 
wards each other at about 92-|- degrees, and 
which is fubdivided in the diredion of the 
dragonals of its bafes into two triangular prifms. 
This laft-mentioned prifm is the form of its in- 
tegrant molecule. 

The pyroxene is fufed with difii^^ulty by the 
blow-pipe, and only when it is in very fmall 
fragments. Bergmann fays that it contains 
more than 4- of its weight of filex, a fourth of 

alumine, 
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alumine, almoft a fixth of iron, and a little lime 
and magnefia. Citizen Vauquelin has found 
the fame fubftances in it, but he has extrafted 
them in different proportions, efpecially the alu-* 
mine in much fmalier, and the magnefia in 
much larger quantity as well as the lime ; he 
has alfo found it in a little magnefia. 

There are two principal varieties of pyroxene ; 
the one black and opaque, the other green, in 
fmalier cryfl:als and fometimes tranfparetit. The 
latter, which had been diftinguiflied as a pecu- 
liar fpecies by the name of mrefcitej on account 
of its colour, has exa6lly the fame form as the 
black, according to the obfervation of Citizen 
Haiiy. 

31. The Jiaurotide, By this name, which 
fignifies crofs-Jione^ Citizen Haiiy has dif- 
tinguiflied the ftony fubftance, which was 
formerly placed, under ^ this denomination, 
amongft the fchorls. It was the cruciform 
fckorl of Rom6 de Lifle. The fpecific gravity 
of this ftone, which is found in Gallicia, and 
in France, in the province of Brittany, is 
3,2861. It nightly fcratches quartz. Its frac- 
ture is rough, a little fliining in fome cryftals, 
dull and as it were argillaceous in others. It is 
mofl; frequently opaque and of an earthy-grey 
colour. Its primitive form is a ftraight prifm 
with rhombufes for its bafes, the fnles of which 
are inclined towards each other in 1 29-1^ degrees, 
and which is fubdivided into two triangular 
prifms; that of its integrant molecule is a, 

ftraight, 
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ftraiglit, triangular prifm. Its cryftals frequent- 
ly crofs each other two and two together, fo 
that their axes n^ver form together any other 
angle than one of 60 or of 90 degrees. 

There are five principal varieties of this Itonc, 
the primitive a^uYotidc, the hc.vagona I ftaurotide, 
the ftaurotide like a fquare, the ftaurotide like 
a crofs, and the ftaurotide garnetite. Tllfe laft 
inentioned is the ftone called garnetite^ which 
has hitherto been ranked amongft the garnets 
or the fchorls. 

Mr. Heyer, who has made the analyfis of the 
ftaurotide, h^s found it to contain nearly half 
its weight of filex, a little more than a fifth of 
barites, and a fifth of alumine. He had more 
than a tenth of lofs. 

: 32. The thallitp. This tel'm, which fignifies 
green foliage, is given to a ftone, which was 
hitherto confounded with the fchorls, and which 
is found in the mountains of the province for- 
merly called Dauphiny, and at Chamouni. This - 
is the green fchorl of Dauphiny of Rom6 de 
Lifle, and the delphinile of Sauflure. Its dif- 
tinguilhiijg characters are a fpecific gravity of 
3,4529, a degree of ha.rdnefs thatealily fcratches 
glafs, a fimple refraction, a rough and fomewhat 
iliining fraclure, a very great degree of brittle- 
nefs in the direction perpendicular to the axis 
of its cryftals; it yields a white powder very 
rough to the touch ; it does not become eleftric 
by heat. 

Its 
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Its primitive form is a ftraight prifm, the 
bafes of which are parallelograms with oblique 
angles, the angles being 1 1 A^ degrees and 63-1- 
degrees. 

Citizen Haiiy mentions feveral 'interefting 
varieties of fonn which hq has found in this 
ftone. Its colour varies from the yellowilh 
greeji to tlie dark green; its tranfp.arent pieces 
take, a bright and fliining poliih. 

Bergmaiin fays he has extrafted from the 
green fchorl of Dauphiiiy -f- of filex, -f of car- 
bonate of magnefia, a little lime, iron and alu- 
^line. Citizen Collet Defcotils has found in it 
a little more th^n a third of filex, a fourth of 
alumine, nearly ia fifth of iron, a tenth and a 
half of lime, and a little oxide of magnefia. 
The thallite is fufed \vith ebullition by the 
blow-pipe, and yields a blackifli fcoria, 
. 33. The Jmaragdite. Citizen Sauffure has 
given this name to a fl;one which is very vari- 
able in its colour, mofl; frequently green and 
imitating the colour of the emerald, but very 
far from poflGeffing its hardnefs, its tranfparence, 
its regular form, and all its other properties. 
Sometimes it is of a beautiful ftiining green ; 
fometimes it is grey, and of a metallic appear- 
ance like mica, and foliated like the fame fub- 
ftance; it prefents a fucceffion of tinges be- 
tween thefe two extremes. The following are 
the whole of its diftinguilhing chara<9;ers. Its 
fpecific gravity is 3^0. Its hardnefs is flight ; 
it fcratches the cryftallized earthy carbonates, 

and 
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and {bmetimes it flightly fcfatchcs glafs. Its 
fraclure is fcaly in fome pieces and rough in 
others. Without ev^r poffeffing tlie form of re- 
gular cryftalsj its laminae are ^afily divided in 
two different direftions by fe6lions, of which 
the one is plane and confiderably neat, and the 
other dull and fcarcely perceptible. 

Citizen Vauquelin, who has lately analyzed it, 
has found it to contain half its weight of filex, 
a little more than a tenth of lime, as much alu- 
mine, a twentieth of riiagnefia, and 0,15 of the 
three oxides of iron, of copper, and of chrome ; 
the laft is the inoft abundant ; next the iron, 
and, laftly, the copper, which does not amount 
to 0,02. He had nearly 0,06 of lofs. 

34. The Oifanite. This ftone, which receives 
its name from the town of Oifan, in Dauphiny, 
near which it is found, has been confidered as 
a fchorl. This name, however, is not more ap- 
propriate than all thofe which are borrowed 
from places ; for the ftone which bears it has al- 
ready been found in Spain. 

The characters of the Oifanite are a fpecific 
gravity of 3,8571 ; a hardnfefs capable of fcratch- 
ing glafs with eafe ; an extremely fenfible elec- 
tric force of communication; and the primitive 
form an oblong rectangular octahedron. Tlris 
form, which is the moft common, fubdivicles it- 
felf very nearly parallel with the eight faces of 
the oftahedron, and parallel to the common 
bafe of the two pyramids which compofe the 
cryftal by their union. We are led, by reafon- 
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ing, to adopt as the form of its integrant mole- 
cules the irregular tetrahedron. 

The Oifanite is not fufible by the blow-pipe. 
It has not yet been analyzed. Tliere are feveral 
varieties of it, efpecially with refpeft to colour. 
Amongft thefe are diftinguiftied, the blue, or 
blue fchori of Dauphiny, the Hack, or black 
fchorl of Oifan, and the yellow, or that- of 
Spain. The cryftals are frequently fo fmall, 
that it is difficult to afcertaiu their fonn. 

35. The dioptafe. Citizen Haiiy has given 
this new name to a fton:e, in which we may 
perceive acrofs its iaminse the jun^ure which 
unites them, by very lively undulating co* 
lours. It had been confounded with the eme- 
rald on account of its col6ur ; but it differs 
greatly from it in its fpecific gravity, which is 
3,3000, in its hardnefs, .which is fo flight that 
it does not fcratch glafs without difficulty, in 
its primitive form, eafily obtained by difleftion, 
w^ich is an obtufe rhomboid, in which the plane 
angle, at the top, is 1 1 1 degrees, and in the form 
of its integrant molecules, which is the fame. 

The only cryftals of this ftone, the nativQ 
country of which is not known, are dodecahe- 
drons with fix vertical parallelogrammatic 
obliquangular fides, with fummits of three ob- 
tufe liiombufes. 

Citizen Lelievre found that it imparted tp 
horax a green colour, and that it yielded a 
finall button of copper, by the blow^pipe. Ci- 
tizen 
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tizen Vauquelin's iirft aflays might lead us to 
fufpe6l that the dioptafe is an ore of copper^ 

36. The hzulife : this was formerly termed, 
lapis, lapis lazuli, Armenian Jiotie^ Its name 
is derived from azulj which iathc appellation 
that was given by the Arabs to this ftone. It 

. is very eafily iiKcogniied by its beautiful blue 
colour, its fpecific gravity between 2,7675 and 
i2,9454; its hardnefs, which is fuch that it 
fcratches glafs, and emits fparks at fome points^ 
its granulated, fine, and clofe fra6lure, and the to- 
tal abfence of the cryftalline form. It varies in 
the richiiefs of its blue colour ; frequently it is 
mixed with feldt-fpar and fulphuret of iron. 
Margraif found it to contain filex, Jime, ful- 
phate of lime, and iron. . M. Klaproth has 
ifound it to conta/in more than a tenth of its, 
weight of alumine^ It yields fulphurated hi- 
drogen gas with the acids. 

This is the ftone with which the ultra-marine 

'blue is prepared, the moll beautiful, and moft 
durable of all the pigments employed in paint- 
ino-. It would be one of the fineft difcoveries 
in chemiftry, were it poffible to imitate this 
precious colour by art, as Nature prefents it 
but fcldom, in little abundance, and frequently 
impure. 

37. The zeolite : Cronftedt has given this 
name to a ftone which boils in the fire as it fufes. 
This appellation of the celebrated Swedifh mi- 
neralogift is retained to diftinguilh the fpecics 

' in the French lithology. 

The 
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The following are the charafters whereby this 
fpecies, *with which feveral other ftortes, more 
or lefs (liiFerent from it, have been confounded, 
is fufficiently diftinguifljed. Its fpecific gravity 
is equal to 2,08333; its hardnefs is flight, and 
only ads upon the cari)onate of lime. It becomes 
eleftric by heat like the tourmaline ; the vitre- 
ous or pofitive elejftricity occupies the projeQ:- 
ing pyramids, and the refmous, or negative elec- , 
tricity refides towards their adhering bafe. Its 
frafture is a little undulated ; its primitive form 
is a ftraight prifm with fquare bales, that of iU 
integrant molecules is the fame. It has alfo 
the prpperty of eafily forming a jelly with the 
acids. Its "form, its eleftric quaHty by heat 
alone, and its gelatinous nature in it^ acid fo- 
lutions, particularly diftinguiih this fpecies of 
ftone from tlie different compounds with which 
it has been fo gratuitoufly aflbciated in different 
fyflems of lithology. 

Amongft the principal varieties of the zeolite, 
we ought to diftinguifli that of Cronftedt, in 
long quadrangular prifms, terminated by pyra- 
mids with fourdepreffed faces. There are, alfo^ 
differences of colour which may form varieties, 
or fubordinate varieties in the zeolite. 

' This ftone has been analyzed by Bergmann, 
Pellctier, Meyer, and Klaproth. All thefe che- 
miits have found filex as the moft abundant 
principle from 0,44 to 0,60; alumine in the 
fecond propprtion from 0,18 to 0,30; lime 
in the third, from 0,0S to0,18; water from 

0,04 
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0,04 to 0,22. M. Klaproth has alfo announced 
that it contains a fmali quantity of iron. The 
property which the zeolite pofleffes of boil- 
ing whilft it fufes, is manff^ftly owing to the 
water which it retains. 

38. The Jiilbite : a ftony fubftance, of a ihin- 
ing appearance refembling mother-of-pearl, as 
its name exprefles. It is the fccond fpecies of 
zeolite, which Citizen Haiiy diftinguiflied fome 
years ago, and of which he has fince made this 
particular ftone, after having ftudied it with 
greater attention. In faft, it has, very diftinft 
chara6lers; efpecially a weight of 2,5 ; a greater 
degree of hardnefs than the zeolite, properly fo 
called, as it eafily fcratches it ; a laftre refem- 
bling that of mother-of-pearl; the primitive form 
of a ftraight prifm with rectangular bafes ; but 
the fe6lions, parallel with the ftraight faces, arc 
alone neat. Its integrant molecules are of the 
fame form. It has two principal v arieties of 
cryftals, the one, in dodecahedrons with four 
hexagonal faces, with fummits of four obliquan- 
gular parallelograms ; the others, in hexahedral 
prifms, the four folid angles of which, are re- 
placed by triangular facets with a different 
height. 

The ftilbite when placed upon burning char- 
coal, lofes its tranfparency, decrepitates, and be- 
comes friable like cryftallized fulphate of lime. 
It fwells, fufes, and is reduced into a white 
enamel, femi-tranfparent, and filled with bub- 
bles like the zeolite. Citizen Vauquelin found, 

by 
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by analyfis, that, it contained more than half 
its weight of filex, alnioft a fifth of alumine, 
almoft a tenth of hme, and nearly a fifth of wa- 
ter. Hence we fee that it approaches very 
near to the zeolite in its nature. 

39' The Prehnite, a name formed from that 
of Colonel Prehn, who brought this ft one from 
the Cape of Good Hope. It has alfo been found 
in France. That of the Cape has a fpecific 
gravity equal to 2,6969 ; that of France, to" 
2,6097; it is fufficiently hard to fcratch glafs 
nightly. It is a little pearly, in greeniih cryf- 
tals, confufedly grouped together, divergent, 
in tetrahedral prifms with dihedral fummits. 
That of France, which is found in Dauphiny, 
is in rhomboidal laminse, with lateral faces in- 
clined towards each other, at angles of 101 and 
89 degrees ; or in hexagonal laminae, having 
two angles of 101 degrees, and four of 129t ^^' 
grees ; or in I'aminas grouped together, and di- 
vergent like the fticks of a fan — this is termed 
t\it flabelUfoim prehnite; or, laftly, in bundles 
of curvilinear divergent laminse; this is the con- 
choid prehnite. It is white or green. Its pri- 
mitive form, as well as that of its integrant mole- 
cules, is a ftraight rhomboidal prifm, with bafes 
whofp angles are about 1 1 and 79 degrees. 

The prehnite is fufed by the a6lion of the 
blow-pipe into a white porous froth, which be- 
comes an enamel of a blackiih yellow colour. 
M. Klaproth has found it to contain nearly half 
its weight of filex, nearly a third of ali^mine. 

Vol. 11. F f nearly 
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nearly a fifth of lime, 0,05 of iron, and a little 
water. The analyfis made by Citizen Haffen- 
fratz gave him refults perfeSly correfponding 
with tbefe. It is evident, that this ftone dif- 
fers from the^ zeolite merely by its containing 
Hiuch lefs water ; accordingly it does not boil, 
lilce the latter, previous to its fufion. 

40. The chabajia ; this is an ancient and 
Homeric name of a ftone, which h^ been revived 
fome years ago, and applied to a ftony com- 
pound, which was firft confidered as 'conftituting 
a variety of zeolite, termed the cuhic^ but which 
Citizen Haiiy, by appropriating to it this dif- 
tin6l appellation, has feparated as a peculiar fpe- 
cies. It is found in Germany, near Oberftein, 
Its fpecific gravity is 2,1176; it fcarcely 
fcratches glafs, and feldt-fpar but flightly; 
its ftru6lure is lamellated. Its primitive form 
is a rhomboid flightly obtufe, the plane an- 
gle at the fummit of which is about pS-f de- 
grees ; its integrant molecules have the fame 
form. 

It has two varieties of form : the one which 
is the primitive, and the other which is termed 
the tri-rhomboidal, becaufe, by prefenting a 
rhomboid incomplete in the three edges of each 
fummit, and in the fix folid lateral ansrles it 
gives the idea, if we fuppofe the facets to be 
continued till they interfe6l each other, of two 
different rhomboids, which, united with the 
primitive^ prefent three poffible rhomboids. 
This fpecies of ftone 1ms not yet been analyfed : 

the 
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the attention of lithologifts was firft direQed to 
its diftin6lions, fome years ago, by Citizen 
Bofc d'Antic. 

41. The analcime: Citizen Haiiy has given 
this name, which fignifies without Jtrengtky to 
a ftope which is very difficult to be rendered 
eleftric by fridion, and which he had at firft 
eonfidered, with feveral other naturalifts, as a 
variety of zeolite. It was termed hard zeolite^ 
granatic zeolite. Its fpecific gravity is nearly 
equal to 2. It fcratches glafs flightly. Its 
fra^ure is undulated in the tranfparent pieces ; 
compa6fc, and very ,fine-grained in the opaque 
qryftals. The moft tranfparent of the cryftals 
become but very flightly eleftric by friftion. 
Its primitive form, as well as that of its inte- 
grant molecules, is the cube. 

Sometimes in the fecondary forms, each folid 
angle of the cube is replaced by three trian- 
gular facets; fometimes it prefents a polyhe- 
dron refembling the garnet with twenty-four 
trapezoidal facets. The one is the cubo-pyra- 
midal analcime ; the firft was formerly the 
cubic zeolite^ or the- zeolite with thirty facets; 
the fecond, the granatic zeolite. It is found 
tranfparent, opaque, white, and flefh-coloured. 

The aiiitlcime is fufed by the a6lion of the 
blow*pipe, without fwelling, into a femi-tranf- 
parent giafs. It is found in grouped cryf- 
tals, depofited by water in the fiffures of hard 
lavas. It is manifeftly pofterior to their forma- 
tion, whilft the leucitc has preceded it, and has 

F f 2 been 
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been enveloped by them. No accurate analyfis 
has yet been made of the analcime. 

42. The Sommite : this ftone had been con- 
fidered as an hyacinth, and termed the white hy- 
acinth of La Somma, a name of the mountain 
Vefuvicfs upon which it is found. Born termed 
it white bafalteSy and Yerhtr rchite hcragonal 
fchoiH. It is a diftin6l fpecies of ftony com- 
pound, characterized by the following proper- 
ties. Its fpecific weight is 3,2741; it is fuffi- 
ciently hard to fcratch glafs yn\h its. pointed 
parts; its fra6hire is rough, approaching to the 
vitreous, as viewedthrough a magnifying glafs. 
The primitive form which it pretty conftantly 

V affects, is that of a regular hexah^dral prifm. 
That of its integrant mokcul^jis thje equilateral 
triangular prifm. It- is difficult to be fufed by 
the blow-pipe : it contains nearly equal parts of 
filex and alumine, but very little lime, and ox- 
ide of irqn, according to the analyfis of Citizen 
Vauquelin. It is evidently very different in its 
nature from the hyacinth. 

43. The andreolite : this name,^ taken from 
Andcafberg in Saxony, from whence this natu- 
ral compound comes, is given to a ftone Avhich 
Rom6 de Lifle had termed the crucifo7^m white 
hyacinth^ and which Bergmann had likeM'ife 
ranked amongft the hyacinths. Its- weight is 
2,3. It nightly fcratches glafs : its frafture i^ 
rough. Its powder, thrown ; upon burning 
diarcoa^l, emits a phofphoric light of, a greenifh- 
ycllow colour. Its primitive form is a rectan- 
gular 
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guUr oftahedron, which is fubdivided in a di- 
rection parallel with planes^ paffing through the' 
edges contiguous to the fummits, and through 
the centre. Its integrant molecule is an irre- 
gular tetrahedron. It is generally a made 
compofed of t\ro flattened tetrahedtal prifms, 
terminated by two tetrahedral pyramids, and 
interfering each; other at a right angle, in con- 
fequence of which it has been termed cruciform, 
MefTrs. Heyer and Klaproth have found it to 
contain filex, alumine, and baritcs; the firft 
conftitutes nearly half of it, the two others 
about a fifth each. According to M. JUaproth, 
it contains 0, 15 of water, 

44. The peridot : at prefent, ^the name of pe- 
ridot is given to certain ftones far lefsiaumerous 
than thofe which have Ion a: been cpiifounded 
together under this, denomination, aLd which 
ftveral raineralogifts liave not even^knowii. 
The phyfical characters of the real peri^t are a 
fpecific gravity equal to 3,4285, a hardnefs ca- 
pable of feratching glafs, a very ftrong double 
refraction, an undulated and brilliant frafturc : 
the natural joinings of its lamina arc in a di- 
r-e<9:ion parallel to its axis. 

Its primitive fonn is that of a ftraight jirifm, 
\vith rectangular bafes; that of its integrant 
molecule is the fame. There are fom'e remark- 
able varieties of this ftone, efpecially thofe which 
g,re termed the peridot micronome^ the peridot 
4iiodenaire, 8gQ. : Its ordinary colour is a greeh-r 
ifli-y«Uow. Amongft thefe varieties, we muft 
' • ^ alfo 
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alfo clafs the pretended volcanic chryfolitc, or 
the olivine of Werner, fo named on account of 
its colour. 

Citizen Vauquelin has analyzed the peridot^ 
and has found it to contain more than half its 
weight of magnefia, a little more than two 
thirds of filex, arid about a tenth of oxide of 
iron ; he had not more than ^o^ lofs. He has 
obferved that this ftone was not fufed, cither 
alone, or with the phofphate of foda, by the ac- 
tion of the blow-pipe, and that with borax it 
yielded, without effervefcence, a tranfparent 
glafs of a nightly green colour. 

45. Mica : this is one of the ftones moft eafy 
to be diflinguifhed by its brilliancy, which fre- 
quently imitates the metallic luftre, by its claf- 
ticity, by its foftnefs, by its being greafy to the 
touch, without having an un6luous afpeft ; its 
fpecific gravity is between 2,6548 and 2,9342. 
It is eafily fcratched ; it rather tears than breaks. 
Its primitive form is a right prifm, with rhom- 
bufes for itsbafes, the angles of which are 120* 
and 60**. The divifions made parallel with the 
bafes are very clean; tbofe made in the la- 
teral dire6lion are dull and tarnifhed. Its in- 
tegral molecule is of the fame form. 

Amongft the varieties of form in this ftone, 
arc diflinguifhed, the primitive mica, or in a 
fhort rhomboidal prifm ; the hexagonal mica in 
a hexahedral prifm, or in hexagonal laminae ; 
the reSiangular mica ; the foliated mica, talc, 
or Mufcovy glafs ; lameUiform mica ; the he^ 

mifpheric 
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mifpheric mica ; iht filamentous mica: the j&w/* 
veruknt mica. Wfth refpeS to colour, there 
is gold-coloured mica; Jitcer^coloured mica; 
' greenijhy reddijh, yellozvijh^ brown, and black 
mica; tranfparent, femi-tranfparenty and 
opaque mica. 

Mica is a primitive ftone, mixed with quartz, 
and feldt-fpar ; it is frequently carried into the 
fecondary earths ; it is one of the natural fuly- 
ftances that reflefl; light the ftrongeft. 

Mica is fufible by the a6lion of the blow-pipe 
into a white, grey, greenifli, or blackifli enamel. 
By an accurate analyfis. Citizen Vauquelin 
found it to contain half its weight of filex, a 
third of illumine, more than a twentieth of 
oxide of iron, and very little lime, and mag- 
nefia, - 

It is much ufed for windows, and efpeci- 
ally thofc of fhips, inftead of glafe, in the 
conftruftion of lanterns, in ornamental worksj 
for drying writing, &c. When employed 
for the laft mentioned purpofe, it is impro- 
perly termed, gold or filver powder, cat's filver, 

&c. . 

46. The cifdnite :■ this ftone, which has been 
named blue fchorly and fapphire, has a fpecific 
gravity of 3,5170. It does not fcratch glafsi, 
unlefs we rub the glafs with a very fliarp point 
of the ftone. It pofleffes only fimple refradlion. 
Its primitive form is an oblique quadrangular 
prifm^ the faces of which are inclined towards 
each other in an angle of about 103 degrees ; 
. • its 
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its integrant molecule has the fame form. ^ U 
the cryftals of this ftone there are always divi- 
fions parallel to two oppofite faces, which ait 
much neater than thofe which anfwer to the 
other faces. 

Amongft the varieties of its fonn, one of the 
moft remarkable is that of hexahedral prifins 
which are applied two and two together fo as 
to prefent a concave atigle on one fide, and a 
proje6ling angle on the other. They are found 
on mount St. Gothard. • 

Sauffure and M. Struve, , in their analyfes of 
this ftone, have obtained very different refults. 
According to the firft, the lilex and magnefia 
fonn each an eighth part of its weight, the alu- 
mine more than two thirds, and the iron a twen- 
tieth. Mr. Struve, on the contrary,"afferts» that 
it contains one half filex, one third of alumine, 
one twentieth of magnefia, and as much lime 
and iron. 

47. The Tremolite : or the ftone of mount 
Tremola, is well charafterized by its fpeqific 
gravity between 2,9 and 3,2, its hardnefs which 
Scratches glafs, its undulated fradlure, the 
coarfenefs, and hardnefs of its powder, which 
tears and irritates the fkin when rubbed upon 
it, the reddifh-white phofphorefcence which it 
exhibits when ftruck in the dark ; finally, by 
its primitive, form, which prefents an oblique 
quadrangular prifm, whofe faces form angles of 
about twTnty-feven degrees. The feftions, pa- 
rallel to its faces, are very neat. The form 

of 
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':, «f its integrant molecules .is the jfanie. _ -Tbere 
: are feveral varieties of it in the cry ftaltine' form, 
: one of which is fibrous. ^ This fton^ is hitherto lit- 
: tie known. According to M. Klaproth, it con- 
tains more thax^ two-thirds of its weight of filex, 
. ai early one fifth of lime., x)ne tenth .of mag- 
nefni, one twentieth of water, and carbonic 
acid. 

48. The lewcolite : this natiie, which fimply 
fignifies white ftone, has been given to a fpecies 
that has been ranked amongft the fchorls. It 
was Rom^ de Lifle's white prifmatic fchorl of 
Atten,berg in Saxony, Xts' fpecific gravity is. 
5,5 1 45. It flightly fcratches quartz. Its frac- 
ture, which is diill, appears by its inequalities 
to be rather fcaly. Its primitive form, which 
as yet is only conje6i;ured, appears to be the re- 
gular hexahedral prifm, and that of its integrant 
molecule an equilateral triangular prifm. Mr, 
Wiegleb has found it to contain equal pajts of 
filex and alumine. It does not fufe before the 
blow-pipe. 

49. The dipyrc : this is the name given by 
Citizen Haiiy to a ftone, that was found^ in 
1786, by Citizens Lelievre and Gillet, near 
Manleon., It confifl;s of bundles of minute 
prifms that have a faint lilach colour. Its fpe- 
cific gravity is 2,6305. It fcratches glafs ; its 
fra6lure is undulated and brilliant, its powder 
thrown upon an ignited . coal appears flightly 
) uminous in the dark. Like the leucolite, its 
primitive form is the regular hexahedral prifm, 

and 
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and that of its integrant molecule the equi- 
lateral triangular prifiia. It ought,, however, 
not to be confounded with the former, as it is 
very fufible before the blow-pipe, and differs 
from it in its compofition. Citizen Vauquelin 
has found it to contain much filex, aluminCy a 
little lime, and: oxide of manganefe as a colour* 
ing principle. ^ ^ 

50. AJbeJios .' the name of afbcftos, which is 
already ancient, and which fignifies inextin' 
guijkablej though this word has been taken for 
that of incomhuJHbley belongs to a ftone, whicli 
is moft frequently of a fibrous texture refemv 
bling that of cloth, or vegetable fibres- ' Hiis 
fubftance is confounded with the amianthus. 
This earthy compound is very variable in its 
fpecific gravity, which feems to vary from 2,7958 
to 0,6*06 ; this depends upon the gr^at difl^er- 
ence of the approximation, or feparation of its 
fibres. It varies, likewife, very greatly in its 
hardnefs ; fometimes it is fufficiently hard to 
fcratch glafs; in fome varieties, on the contrary^ 
it has the foftnefs of cotton. Its powder is al- 
ways foft to the touch. Its ftruelure prefents 
filaments fometimes flexible, fometimes brittle, 
united longitudinally in bundles, or interwoven 
fo as to refemble membranes. . 

Thefe difi^erences determine the principal va-^ 

rieties which are diftinguiihcd in this fubftance; 

the Jlexible aibeftos ; the hard ajbejios ; the 

fibrous afteftos, the interwoveny fubeviform^ 

coriaceous ^ibt^o^y &c. *. .: 

Bergmann 
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Bergmann tells us, that he has found in this 
ftone more than one half of filex, nearly one 
fifth of magnefia, little alumine, more than a 
tenth of fulphate of barites, and of lime. M, 
Wiegleb fays, he has extraSled from it more 
magnefia than filex, and feveral modern litholo- 
gifts have, ranked this ftone amongft thofe of 
the magnefidru cflafs. 

Formerly the variety of afbeftos, called ma- 
ture amianthus, was much ufed for preparing a 
fort of incombuftible thread, or cloth, which 
was chiefly employed for wicks in fepulehral 
lamps, and for colkfting the aflies of human 
bcxiies after combuftion, &c, 

51. Talc: Though this term has often been 
a fynony me of mica in mineralogy, it is adopted 
by the moderns, to denote a ftony fubftance 
which differs from* it, efpecially in an un6luofity 
fenfible to the touch, and iti the vitreous elec- 
tricity which it communicates to fealing-wax 
by fri6lion, whilft mica gives it the refinous elec* 
trieity. Citizen Haiiy enumerates four varie- 
ties of thi& ftone; namely, the laminary talc, 
or Venice talc ; the y^/m^erf tale, or chalk of 
Brian^on ; compaSi talc as the lard-ftone ; thefe 
three fifrft give the pofitive or vitreous ele6^ri- 
city to fealing-wax. The fourth variety, orthe 
Jieatites taiCy communicates the negative or 
tefinou^ «leftiicity to it by fri6bion; • ' 
' The ehara^lei'6 ^ this ftone are-— a fpecific 
gravity between S,5834 and 2,5902 ; a texture 
0afy to belG^raped with the knife, a foft and unc- 
tuous 
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tuous^ furfacc, the primitive form of a right 
rhprnboidal prifm, its bafes having angles of 120 
degrees and 60 degrees ; and in which fe6lions 
parallel with thefe bafes are eafily obtained. 
Its integrant molecule has the fame form. 
. M. Kirwan has found in this ftone, almoft as 
much magneiia as filex, and^ only a twentieth 
part of alumine. Amongft the varieties of talc, 
which are fufficiently numerous,, the mixed 
fteatites, the ferpentine and pot ftoiies are not 
ranked. 

The foftnefs of the texture of the talcs, the 
finenefe of their powder, their eafy fufpenfion 
in water, which they powerfully abforb, and 
the hardnefs which they contra6l by the adion 
of a moderate heat, renders them ufeful in a 
great number of the arts, or for domefiic pur- 
pofesw 

52. The chlorite: this name, which fignifies 
a green fubftance, is improperly applied to a 
ftone which is not always of this colour, and 
:^vhich formerly was confidered^to .be^a fteatite, 
or talc-^ This ftone is bTilli^i^t,'JiJve nl0ther-of- 
pearl, unftuous to the touch;, when folid it has a 
fpecific weight of 3,09,66; it. hits fp little hard- 
iiefs that it never fc batches gtafs ; it h even 
inoft frequently pliant or friable. ..Jt has no 
€5yftalline form, ^nd o.nly affiiime^^l^iat^of la- 
minae. Two varieties^ of itr ^re ili$jjjgy.iflie|l ; 
the one of a :pear}}f and .ftlv^r .'iijjiitenels, the 
other of a dark green, j Jhc; latter isifrcfjuei\t}y 



CLASSIFICATION OF STONES* 445 

cJiffeminated between the layers in the interior 
of the cryftals of quartz- 
- M. Hoepfner and Citizen Vauqwelm have 
feverally analyzed the chlorite ; the differ- 
ence between their refults is fo great that we 
ihoiild be induced to think that they did not 
both examine the fame ftone. * The fonner 
found it to contain nearly one half of hiagneiia; 
wbilft the latter did. not find in it more tTiaii 
one tenth ; the one fays it contains Ihne, \i'hich 
the other did not find in it ; the proportions of 
iron, and of alumine indicated >by each diflfer 
effentially. Citizen Vauquclin fays, it contains 
0,43 of oxide of iron, which almoft gives this 
fubftance a title to be ranked amonglt the ores-; 
whilft M. Hoepfner cftimates it at only a little 
more than one tenth. Citizen Vauquelih finds 
in it an alkaline muriate, and water in fmall 
quantity ; M. Hoepfner mentions neither the 
one nor the other of thcfe fubftanccs. 

53. The jnaclc. The Arord made fiffniflesa 
lozenge or rhombus, hollowed out, or concave; 
parallel with its fi^lcs ; it here denotes a very 
lingular ftone in quadrangular prifms, the. faces 
of which are inclined at 95 degrees and 85 de- 
grees,* prefenting in their frafture indications of 
laminsG parallel with the faces, aiid others in. 
two; diflPerent directions. The tranfverfe fe6li6n 
of thefei prifms prefents a blackifli rhombus in^ ^ 
ferted Jiito. another of a whitilh colour, with 
tfour other 'fmaller black rhombufcs fituated at 
the angles. .of. the.whitifli rhombus, and con- 

neded 
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nefted with the central one by lines of the fame 
colour. This appearance reprefents a kind of 
crofs ; fomctitnes the lines which form the con- 
nexions between the rhombufes are ramified in- 
to other lines parallel with the fides. 

The whitifh part of this ftone refembles the 
compact fteatites ; the black part generally di- 
minishes in thicknefs from one extremity of the 
prifm towards tlie other, fo that having at firft 
occupied its whole breadth, it terminates in a 
fimple filament. Sometimes alfo there are only 
the black prifms without any white matter, and 
in fome there is aio thing more than a whitifh 
pellicle at their furface, which is imperceptible 
unlefs when it is moiftened. 

The matter of the prifm has a Ipecific gravity 
equal to S,9444 ; that which ferves as a covering 
to it weighs only 2,76/4. The made is hard 
eaough to fcratch glafs ; its texture is a fine 
and clofe grain; its powder foft to the touch. 
It has not yet been analyzed^ and its chemical 
properties are ftill unknown. 

54. Argil. Citizen Haiiy only regards that 
earth as clay in which alumine luperabounds. 
He ranks the kaolin alone in that fpecies. The 
common and coloured clays, the fchifti, the 
hom-ftones, the traps, the marles, the boles, 
the fuller's earths belong to the mixtures ; he 
places them, as well as the grit-fl:oBtcs,^ the gra- 
nites, the porphyries^ and all the rocks in ;ge- 
neral, in the appendix to his m'ethodv The 
charafilers of the clay which we- mow treat of 

are 
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arc very definite and very eafily underftood. It 
is opaque, earthy, friable, foft, unfiluous, and as 
it were foapy under the finger, adhering to the 
tongue, forming a pafte with water, infufible 
by heat, hardening by baking, and affording, 
by long maceration in fulphuric acid, an acid 
fulphateof alumine, which eafily becomes alum 
by the addition of a little pot-afli or ammonia. 
It is of great ufe in making porcelain. 

55. Thefe forty-five ftony fubftances are the 
types or original reprefentation of the earthy 
combinations hitherto known, and form fo 
many difl;inft fpecies which fhould be regarded 
as a feries of unities very detached from each 
other. Though all the ftony« productions may 
be referred to thefc combinations, it frequently 
happens that nature prefents them in fuch mix- 
tures as render it impoflible any longer to dif- 
cover the fubftance which forms its leading 
compound part, particularly when the mixtui;e 
takes place in variable proportions. The me- 
thod cannot be applied fiarther to thefe com^ 
pounds, ofwhich the primitive component. parts 
are comprifed in the firft diftinftions, except in 
the form of appeiidix. This is what Citizen 
Haiiy has done wkh regard to all the mixed 
flones or rocks which the geplogift muft ftudy, 
becaufe they form the mafs of the mountains, 
and of the whole globe. Thefe mixed ftones 
may be divided into three orders. The fi^rft 
belongs, to the aggregates formed from the 
uaioA of coritemporaneous £ubjSaaces which 

S have 
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liave cryftallized together in the fame folution ; 
thefe are the rocks compofing the primitive 
earths. . . 

The fecond. order includes: the ftony aggre- 
gates of more recent origin; formed by dif- 
pofition and drying, as the marles, the fchifd; 
they frequently include the acidiferous com- 
pounds, or the earthy falts which will Be treated 
of in the following fedion. 

Laftly, in the third order are arranged the 
aggregates fornned by the re-union of the frag- 
ments of anciept ftony fubftances conne6ied 
by a cement, fiich as the pudding-ftones, the 
breccias, and the grit-ftones. 

66. To explain, and methodically to arrange 
thefe ihixed or aggregated ftones, of which the 
nature, proportion, or refpeSive pofition in the 
earth enable the geologift to determine the an- 
tiquity, the formation, and the revolutions of 
tlie maflfes^ or countries which they compofe, 
Citizen Ilaiiy adopts a nomenclature which 
points out what the eye can perceive in each 
piece, by defcribing, under a generic name, the 
principal ftony fubftances which predominate in 
the fame, by fometimes adding the names of thofe 
Avhich accompany this firft principle, and ano- 
ther expreffion which announces the relative 
mode of exiftence of thefe materials, asjqliatedf 
amygdaloidy &c, Thefe methodical denomina- 
tions, derived from the primitive nanxes, and 
much preferable to thofe of granitey ferpentinc^ 
porphyry^ gnei/s, are appi:opriated unequivo- 

callv 
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cally to indicate the groups of real fpecies 
which, by their aggregation, form the mixed 
fiofies. The fame is the cafe with the volcanic 
produds the expofition and claffification of 
which form a fecond appendix in the French 
mineralogy* 



SECTION f'lFtH. 

Concerning the general Procejfes, or the Method of 
Analjifi^ employed hy Modem Chemifts to difcover the 
Compqfition of Stones* 

i. The fird operation confifts in reducing 
the ftone, which is to be analyzed, into as fine 
particles as poffible. For this purpofe it is 
pounded with water in a mortar of agate or 
which is ftill better, of filex. When the wa- 
ter becomes milky, it is poured oiF, and more 
is added, which is alfo poured off under the 
like circumftances ; and this is to be repeated 
till nothing more remains in the mortar. All 
this water muft be refer ved in a veffel adapted to 
permit the ftony particles to fubfide. When the 
water has become fufficiently limpid, it is 
drawn off clear, and the powder, which is found 
at the bottom of the veffel, is well dried. 

.One hundred parts of this powder are taket\ 
and put i^ito a crucible of pure filver, with three 
times as much dry cauftic pot-afli, prepared by 
alcohol ; this is heated^ and the degree of heat 

Vol. II, G g is 
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is fo managed that the crucible is ignited, but 
not fnfed. 

After having kept the crucible for halt ah 
hour, or three quarters of an hour in the fire, it 
is left' to' cool, and when it is well cleaned on 
the outfide, it is put into a capfule of glafs, op 
of porcelain ; which is filled with water to di- 
lute the matter which it contains. 

2. All the fufed mafs being difFufed in a fuf^ 
ficient quantity ^f water, and placed in the cap- 
fule> fome mm'iatic acid is thrown on it, which 
at firft precipitates the filex, and the alumina, 
but by adding greater quantity rediflblves thefe 
two earths, as well as thofe which are infoluble 
in the alkali, and confequeiitiy not diffolved in 
the water; ^there only remains, at the foottoin 
of the liquor thofe parts of the ftone which wetc 
not decompofed, or diffolved by the alkali. 
Thefe laft mufl: be again treslted in the fame 
manner, till the whole is diffolved in the muri- 
atic acid. 

The folution is then evaporated to dryneft, a 
little muriatic acid is added to replace that 
which the alumine might have permitted to 
efcape, and the produft of this evaporation is 

* diffolved in diftilled water. After having been 
thus heated, the filex becomes infoluble in the 
acids, and remains at the bottom of the liquor; 
it is collected on the filter ; then ignited in the 

^ Alver crucible, to difengage the water which it 
obftinately retains, arid laftly it is \(^€ighed. 

■ s. m 
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6- All the earths which have been diflblved 
by the muriatic acid, are afterwards precipitat- 
ed by an alkaline carbonate, for example, by 
that which is obtained by thd combuftion of 
tartar by nitre. 

Aftfer having well wafhed and dried the pre- 
cipitate, it is treated with a flight folution of 
eauftic pot-aih, prepared by alcohol. The alu- 
mine is diffolved, and after having feparated the 
other pulverulent earthy fubftances by- the filter,' 
th^ alkaline folution is faturated with an aqid, of 
M^liicli is added a quantity fufficiently great to 
redifiblve the alumine. It is precipitated again 
by an alktilitie carbonate, fuch as that which 
has- been iK^ntioned. The precipitate is then 
Wliflieid, d-ried by a r«d heat, and weighed^ The 
portion of alumine is thus feparated. 

4. The other earthy fubfi^nceS) which were 
not* attacked by the caufiip alkali, are treated 
with muriatic acid. When all \% diffolved, the 
limpe, the magnefia, and the oxide of iron, are 
precipitated, if prefent, by a folution of ciauitic 
pot-afli prepared by alcohol. The precipitate is 
feparated; the muriate of barites which may 
remain in the liquor, and which could not be 
diecompofed by the pot-ajQj, is precipitated by 
fulphuric acid ; this new precipitate is dried, 
and its weight indicates that of the barites, 
fhe proportions of the fulphate of barites being 
khowD, as will be mentioned elfewhere. 
- The feparation of the lime and of thenliag- 
4^1ia is very dilplicult, and can never be perfeft.. 

G g % To 
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To approach to it as miich as poffible, the preci- 
pitate, formed by the alkaline folution, is redif- 
folvcd in muriatic acid, and this muriatic folu- 
tion is evaporated to the coiififtence of a fyrup. 
The lime is then precipitated by concentrated 
fulphuric acid ; it is proper not to waih the pre- 
cipitate too much,^hecaufe the -fulphate, of lime 
is foluble in five hundred times its weight of 
water. The wafbed and dried precipitate in- 
(licates the; quantity of the lime. . 
. Magnefia may be precipitated Jb^y a cauftic al- 
kali, or by an alkaline, carbonate which ihould 
not be too. much faturated:with.;acid,becaufe 
the magnefian carbonate would remain in folu- 
tion. In the fii-ft cafe, pure magnefia will be 
j>bt^ined ; in the fecond, there will be a car- 
bonate of magnefia. 

: 6. If iron be prefent, which is always proba- 
ble, it muft be precipitated from the preceding 
folution before the magnefi.a is treated ; there 
^rie, for this purppfe, two methods equally good. 
:i-he iron may firft be precipitated by an alkaline 
prufliate, a fait which will be treated of in the 
feclion upon animal matters, and the fiiagnefia 
may be afterwards precipitated by an alkali, or 
hy an alkali perfeftly faturated with carbonic 
acid. The .carbonate of iron will be precipitat- 
ed ; and aft^r b^ing walhed, dried, and weigh- 
ed, the weiglit of the iron will eafily be known. 
The folution is then boiled, which permits the 
carbonate of magnefia to precipitate in propor- 
- -- . tioB 
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r 

tion as the carbonic acid, wbich diflblves'i^, is 
difengaged. > ' 

6. ZircOne has only yet been found in com- 
bination with filex, and a litlleoxlde of ifon;-m 
the jargon and the hyacinths; thte itietHdif, 
which has been fuccefefuHy employed to fefpsP- 
rate thefe three fubftanci's,* amJ^tb- determine 
their relations, is the^foUdwirig; - Thfefe-ftorids 
are carefully pulverized ^; they Atc heated in a 
crucible of filver and't^f platina, witli four tim^ 
their weight of dry cauftic pot-afli, till thfe 
whole is ftrongly ignited, and iti clammy fufioti 
in all its parts. . Tlie matter is diluted in ^ 
fufficient quantity of water, and it is then dif- 
folved in muriatic acid. If the operation has 
been well made, there will not remain any thing 
undiffolved. The folution is then evaporated 
by a gentle heat till it has taken the confidence 
of a foft pafle; this pafte is diluted with water; 
and, by this means, the muriate of zircone is 
diffolved, aud the filex remains at the bottom m 
the form of a white, granulated powder, the 
weight of which is taken after it has been M^flx- 
ed and ignited 

r^fo have.th^ fircone pure, the folution is eya.- 
porated again to drynefs, iu order, that if the 
muriatic acid have retained fome portions of fi- 
lex, it ihaft permit them to efcape by this uew 
evaporation. When it;has depofited the iilex, 
the matter, diluted with. water, is, then.filterr 
e4, and the zircone is precipil-ated hy a cauftii^ 

- ' ■ r;. alkali, 
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alkali, ^tid after being waihed, and drfed, it h 
weighed. 

7. We have not yet any very ^?gtai?i and 
very exad means of feparating zircone ficny^ the 
oxide of iron : that which appears leaft inac- 
curate^ is ftrongly to ignite the combination of 
thefe two bodies, then to pulverife it very fine- 
ly, and macerate for fome hours in muriatic 
acid ; by this means, almofi; the whole pf the 
iron is carried off without fenfibly diffolving 
the zircone. But if it be afterwards defired to 
combine this earth with the acids, in order to 
form falts, it will be neceffary to treat it ugaiii 
with three or four parts of cauftic alkali in a 
filver crucible, and proceed as was done with 
the jargon or the hyacinth, . If the zircone 
ihould hereafter be found combined at the fame 
time with filex, alumine, and lime, it may al- 
ways eafily be feparated by rcdiffolving the 
alumine in cauftic alkati, and afterwards preci- 
pitating the zipcone by ammonia,*, which does 
not feparate the lime, &c. , 

8. Glucine was firft difcoverfed in combina- 
tion with filex, with alumine, with lime^ the ox- 
ide of iron, or the oxide of chroma. The pro- 
ceffes for fufing and feparating the ifijex: aite the 
fame as for all the other ftones which oantain 
that fubftance;: then the alumine, glucine, and 
the oxide of iron, or chrome, '^are precipitated 
from the muriatic folution by thie ordinary al^ 
kaline oarboHate^^ and, after hav4ng>wafbed the 
depofition, it is diffolved in fulphuric acid ; to 

thi^ 
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tliis is added a fmall quantity of potafh and it 
is evaporated. When, by a feries of fucceifive 
evaporations and> cryftallizations, the whole 
quantity of odahedral alum which the liquor 
can afford is taken away, the mother water is 
diluted, and a folution of carbonate of ammo- 
nia is mixed with it till it poffeffes an excefs 
perceptible to tlie fmell and the tafte. By tlus 
means the glucine is intirely diflblved, and the^ 
little alumine which may yet continue mixed 
remains at the bottom with the oxid^ of iron or 
of chrome. The glucine is then procured by 
boiling its folution in the carbonate of ammonia 
for fome time ; it falls down in the form of a 
white, granulated powder ; and is^ eafily freed 
from its carbonic acid by flightly igniting it 
in the fdver crucible. The oxide of chrome or 
of iron is then feparated, by treating the matter, 
precipitated by the carbonate of ammonia, with 
cauftic pot-aih; the alumine is diflblved, and 
the one or the other of thefe oxides remains 

pure. 

9. When the deficiency which is found in the 
ttnalyfis of a {lone, made by the ordinary means, 
gives caufe to fiippofe that it contains pot-aili, 
it is neceflary to treat it with the acids, after 
having reduced it into a very fubtile powder. 
The lulphuric acid appears heft fuited for this 
operation, as being the mod fixed and the 
ftrongeft ; of this acid ten or twelve times the 
weight of the ftone is ufed, particularly when 
it is very hard. It is boiled for twelve hours 

m 



I 
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in a matrafs with a long neck, and ^till better 
in a crucible of platina; the mixture is then 
placed in a capfule of porcelain, where it is 
evaporated to perfe6l drynefs ; the mafs is then 
diluted in boiling water, and it is waflied till it 
.becomes taftelefs ; all the wafhings, put together, 
are then precipitated by ammonia. If the acid 
has diffolved ahimine and iron, they are thrown 
down : the folution is then filtered and evapo- 
rated to drynefs ; the refidual mafs is re-diffolv- 
ed in watea* and filtered, if it has depofited any 
thing which may not be ful|)hate of lime. The 
liquor is again evaporated; and when it is re- 
duced to drynefs, the fait which remains is ig- 
nited in a crucible of platina till it emits no 
more white fumes. A refidue is-left in the cru- 
cible; it is fulphate of pot-afh, which is eafily 
diftinguilhcd by charafters which will foon be 
indicated, If foda fhould exift in fome ftony 
compoitnds, it n)ay be difcovered by the fame 
procefs, and it may be diftinguiflied by the fait 
very diiferent from the preceding, which it forms 
with the fulphuric acid. 

10. If the oxides of iron, of manganefe and 
of chrome fliould be at any time met with-<rom- 
bined in a ftone, they are all three feparatcd at 
once from the earths, as was before obferved, 
and then they are treated as follows. After 
heating them in a crucible, they are boiled with 
acetous acid ; this will diffolve the manganefe 
and the chrome ; the iron will remain undiflblv- 
cd ; or if there be fome portion diffolved, it will 

be 
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be precipitated by evaporation. The chrome 
and the manganefe may be precipitated by 
an alkaline carbonate ; the precipitate is then 
to be heated in a clofe veffel, in order to oxide 
the manganefe, and it muft then be boiled^with 
weak nitric acid. The oxide of chrome will b6 
diffolved, but that of manganefe will not 

1 1. The fubftances which have been pointed 
out as exifting in ftones, may form, as may be 
cafily conceived, an infinite number of different 
combinations ; but their feparation will always 
be obtained, by attending well to the properties 
which charafterize each of them ; it would be 
ufelefs to enter into any longer details in this 
place. In the following fe6lion, where the pro- 
perties of faline fubftances are treated at length, 
many other procefles are given to difcover and 
feparate each of the earthy matters, and in par-* 
ticular ftrontian which has not hitherto been 
treated, becaufe it is not yet met with in com- 
pounds purely ftony, but only in the acid iferous 
or faline combinations. We muft be content- 
ed with obferving here that if, by chance, one 
of its faline compounds fhould be found to form 
a part of a ftone, particularly with another com- 
pound, analogous to the bafe of barites, which 
very frequently accompanies thofe of ftrontian, 
the prefence, the nature, and even the propor- 
tion of this laft may be determined by boiling 
the pulverized ftony matter with three times its 
weight of an alkaline carbonate in folution j 
by treating the pulverulent refidue, which 

would 
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would contain carbonate of ftrontian, with mu- 
riatic acid; and the muriate of ftrontian, which 
is obtained by this treatment, being firft dif- 
folved in water, then evaporated to drynefs, 
and then diffolved in five or fix time$ its weight 
ef alcohol ; if this laft folution, after cooling, 
fliould contain the muriate of ftrontian, it will 
bum with a purple flame, and may be precipi- 
tated, by a very pure alkaline carbonate, fo as to 
give the proportion of its earth. 
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Analmfis of Stones^ made hy different Chemift^ 



Silex ^ 
Alumine 



I. Quartz. 
By Bergman;^. 



93 
6 



Lime 



II. Sikr. 

FUnt of a grey black. By M, Klaproth. 



Sifex 
Lime 
Alumine 



Silex 



Silex 



Silex 

Lime 



9^ 
0,50 

0,25 



Oxide of iron 
Volatile parts 



^J^a/, B)f M. Klaproth. 
90 I -Water 



Cakedcny cf Ferrc* By BER^MAiii^. 

84 I Alumine 

The Same. By M. Bind he im. 



83 



Alumine 
Iron 






10 



16 



2 

a 



HyirophanCt 
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Hydrophanc» By M. WrECLEB; 



Silex 

Alumine 



Silex 
^umine 



Silex 
Alumine 



Sijex 
Aluminck- » 



83 

5 



Iron 
Water 



Hydrophant. By MrKLAPROTH. 



93»i25 



62$ 



Volatile parts and 
water 



Peckfldn, By M. Gmelik. 



90 
7 



Iron 



SUex. By M, Wiegleb, 
80 I Lime 

SiUx. By Citizen Vauquelin- 



Silex 97 

Quinine and Oxide of 
Iron 1 



Lois 



0,5 



5>25^ 



0% 



a 



2ircone 
§ilex 



Silex 

Magnefia 

lame 



Zircone 
Silex 



Zircofic 
Silex 



III. Zircone. 

By M. Klaproth. 

69 I Oxide of Iron 
26^50 I Lois 

By M. Wiegleb. 

Oxide of Iron 
Lofs 



87*50 

3>3o 
2,67 



Hyacinth, By M, Klaproth. 



70 
25 



Oxide of iron 
Lois 



Hyacinth, By Citizen Vauquelin. 



32 



Oxide of iron 
Lois 



0,50 
4 



2,50 

4 



O,|0 

4)50 



2 
J)5 



Hyacinth 
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Hyadnth. By Bercmann. 



Alumine 


40 


Oxide of iron 


ta 


Silex 


25 


Lofs 


% 


Lime 


20 







Hyadnth of ExpaiUt. By Citizen VAUQUELiKt- 
Zircone 66 I Iron H 

Silex 3^ 1 L^^ ^ 

IV. Blue Telefia. 
By M* Klaproth* 



Alumine 
Oxide of iron 


98,50 

X 


Lime 


0,50 




By Bercmahk. 




Silex ^ 
Alumine 


3S 
58 


Lime 
Iron 






V. Cymophane. 






By M. Klaproth* 


■ 


Alumine 

Lime 

Oxide of iron 


7^550 
6 

>,50 


Silex 
Lofs 


3 



^umine 

Silex 

Magnefia 



Alumine 
Magnefia 



VI. Ruby. 
By M. Klaproth. 



74,50 
15,50 
8,25 i 



Oxide of iron 
Lime 



By Citizen Vauquelik. 

82,47 I Chromic acid 
8,73 1 L06 



Jf50 



2,57 



Vil, Topaz 
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ViL Topaz qf Saxony. 
By Citizen Vauqueliit. 



Silex 
Alumine 


31 
68 


Lofs 


i 


• 


By Bekomanic. 




Alumine 
Silex 


46 11 Lime 
39 1 I*'on 

JBy M. Wk^cleb. 


6 


Alumitie 
Silex 


44 Lime 
52 Iron 


3 
1 


"* ^ 


VI 11^ lEmtrald. 


• 




By Citizen .Vau<juelin. 


, 


iSilex 

Alumine 
Glucine 


14 


Oxide of chrome 

Lime 

Volatile matters 


4»»5 
x,6o 

1 




1 

By Bergmann. 




.Alumine 
Silex 


60 Lime 
24 Iron 


8 
6 


•■* 


By M. Klafaoth. 




Silex 
Alumine 


66,25 Oxide of iron 
3i)»5 

IX. Bcril 


0,50 


» 
• 


By Citizen Vau(juelin. 




Silex 

Glucine 

Alumine 


»3 


Oxide of iron 
Lime 


1 


* 
■ • ■ 


' * 1 ■ 

By M. BiNOHEXM^ 


• 


Silex 
Aluminc 


64 

27 


Lime 
Iron 


8 



f 



X. Euclafc* 



V 

It has not yet beeir analyzed. 



Si lex 
.Alurainc 
Oxide of iron 



Silex 
Aluxnine 



iSilex 
Lime 



XI. Garnet, 
By M* Klafroth. 



40 
28,50 
16,50 



Magnefii 

Lime 

Oxide of manganefe 



By "M* AcHARo. 

48 I Lime 
30 1 Iron 

By M. WiEGLEB. 

36 I Iron 
30 



10 
o,a5 



11 
10 



28 



iSilex 
Alumine 



Silex 

Alumine 



Silex 
Alumhie 
Oxide of iron 



XII. Leucite. 

By M^ Klafroth. 

<54 I Pot-afh 
«5 I 

By Bergmakk. 

39 1 
By Citizen Vauquelxn. 



53 
6 



Lime 
Pot-afli 



^ 



2 
18 



Xni. 'Tdocra/e. 
Not yet analyzed. 



XIV. Feldt^ 
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Silex 

Alumine 

Magneda 



Silex 

Alumine ' 

Lfxne 

Magneda 



Silex 

Alumine 

^agneiia 



Silex 

Alumine 

Barites 



Silex 
Alumine 



By M. MoRELL. 



62 
19 


Sulphate of lime 
Water 




4 


• 





By M. Westrumb. 

62 { Sulphate of barites 

18 Water 

6 Iron 

6 , Lofs 

By M. ScopoLi. 



63 
6 



Lime 

Iron 

Water and Lo(s 



By Citizen Fabroni. 



55 
36 



Magnefia 
Iron 



FttdtJSpar. By M. Meyer* 

74 j Lime 
24 I Iron 



i 
3 



7 
5 



5 



o,t 



Green Fddt-Spar of Sibtria. By Citizen Vauqueliw. 



Silex 

Alumine 

Lime 



62,83 

17,0 

3)0 



Oxide of iron 

Pot-afc 

Lofs 



1,0 
16,0 

0,15 



Silex 
Alumine 



XV. PetrO'Silex. 
By M. KiRWAN, 



72 
22 



Lime 



XVL CorindoH. 
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XVI. Corindon* 






By M. Klaproth« 




Alumine 
Oxide of iron 


84 Silex 
7»50 

XVII. Ctylomtt. 


6,$0 


f 


By Citizen Descotili. 




Silex 

Alumine 

Magnefia 


2 
68 
12 


Oxide of iron 
Lofs 


i6 

8 



Silex 

Alumine 

Lime 



XVIII. Axinitc. 

By M. Klaproth. 



52>7 
25,6 

9.4 



Oxide of iron, and of 

manganefe 9^ 



Silex 
Alumine 



XIX. Tourmaline, 

Bv BxRaMANN* 



34 
54 



Lime 
Iron 



Tourmaline of Ceylon* By Citizen Vauquelik. 



Silex 

Alumine 

Lime 



40 

89 
4 



It 
05 



Oxide of manganefe 2,5 

of iron 12,0 

Lo(s 2,5 



Silex 

Alumine 

Lime 



XX. Amphibole. 
By M. KiRWAN. 



87 
22 



Magnefia 
Iron 



16 
23 



Vot. IL 



Hl» 



hy 
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By M. Heybr. 



Silex 

Alumine 
Magnefia 


52 
23 

6 


Lime 
Iron 




XXI. ABinote. 


. 


Not analyzed. 



7 
^7 



XXII. Pyroxene. 
By Citizen Vauquelin, 



Silex 


52,00 


Oxide of iron 


14,66 


Lime 

Alumine 

Magnefia 


13,20 

3^33 

10,00 


Manganejfe 
Lois 


2,00 
4,81 




By Bergmann. 




§;ilex 
Alumine 


58 
27 


Magnefia 
Iroa 


I 

s 


Lime 


4 







Silex 
Barites 



XXIII. Staurotide. 
By M. Heyer. 



44 
24 



Alumine 
Lofs 



OJ Saint Gothard, By Citizen Vauquklin. 



Alumine 

Silex 

Oxide of iron 



47,06 

30^59 
15530 



Lime 
Lofs 



Of Brita-:y, By Citizen Descotils. 



Silex 
Alumine 
Oxide of iron 



48 

27 
9^5 



Lime 
. Oxide of Manganefe 



20 
12 



4:05 



1,0 
0:5 



XXIV. Thallitf, 
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XXIV. Thallite. 



By Bergmann. 



Silcx 

Alumine 

Carbon^teof Magnefia 



64 
3 

30 



Lime 
Iron 



Silex 

Alumine 

Lime 



By Citizen Descotils. 



37 
27 



Oxide of iron 



Lofs 



of manganefe 



9 
4 



^7 
3^5 



Silex 
Lime 
Alumine 
Magncfia 



XXV, Smaragditc, 
By Citizen Vauquelin, 



50 
13 

6 



Oxide of iron 

— of chromite 

of copper 

Lofs 



5^5 
7>5 

4'^ 



XX VI. Oi/miite. 
It has not been analyzed, 

XXVII. Diopta/e. 

I 

Not yet analyzed, fufpefted to be an ore of copper, accord- 
ing to fome experiments of Citizen Vauquelin. 



XXVIII. Lazulite. 





By Margraff, 


Sflex 
Lime 




Sulphate of lime 
Iron 




By M, Klaproth. 


Silex 
Alumine 
Carbonate of lime 


46 

i4.5 
«8 


Sulphate of limQ 
Oxide of iron 
Water 



^»5 

3 
2 

XXIX. Zeolite. 
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^ilex 
Alumine 



Silex 
Alumine 



3ilex 
Alumine 



Silex 

Alumine 

Lime 



XXIX, Zeolite. 

3y Bergmann* 

6p I Lime 
18 I Water 

3y Pelletier, 

50 I Lime 
20 I Watq^ 

By Meyer. 

58 I Lime 
18 1 Water 

By M. Klaproth. 



44 
18 



Iron 

Water and ^ir 



18 
4 



3 
21 



6 
17 



5 

2 



Silex 

Alumine 

Lime 



XXX. Stilbite. 

By' Citizen Vauqueliit. 



52 

1755 
9 



Water 
' Lofs 



3 



Silex 

Alumine 

Lime 



Silex 

Alumine 

Lime 



XXX L Prehnite. 

By M. KtAPRQTH. 



44 

30 
18 



Iron 

Water and ai^r 



By Citizen Hassenfrat?:. 



43'S3 
8o»33 
1^.33 



Iron 
Water 



5 

2 



5,66 



XXXII. Chabqfia, 
This ftpnc has not yet been analyzed. 

XXX I J If Ahalcime. 
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XXXIII. Analcimc. 



It has not yet been aiialyzed. 



Silex 

Ahimine 

Lime 



XXXIV. Sommite. 
By Citizen Vauquelin. 



46 
49 



Oxide of iron 
Lofs 



t 

2 



3ilex 
Barites 



XXXV. Andrtolitt. 

By M. Klaproth. 

49 I Alumine 
18 Water 



*5 



Magnefia 
Silex 



XXXVI. Peridot. 

By Citizen Vauquelin. 

51,5 I Oxide of iron 
38 j Lofe 



9'5 

a 



Silex 
Alumine 
Oxide of iron 



XXXVII. Mica. 

By Citizen Vauqueliw. 



50 

35 

7 



Lime 

Magneda 

Lofi 



*»33 
^35 
5^32 



Silex 
Aluiqiinp 



XXXVIII. Cyanite, 

By Saussure. 

1 3 I MagneQa 
67 j Iron 



13 
5 



By 
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^ 


By M, 


Struve. 




Silex 

Aluraine 

Magncfia 


5* 
5 


Lime 

Iron 

Water and lofs 


4 

5 
6 



Silex 
Lime 
Magnefia 



XXXIX. Tremolite. 
By M. Klaproth. 



65 
0,5 



Oxide of iron 0,5 

Water and carbonic acid 0,6 



Silex 



Silex 

Aluminc 

Lime 



XL. Leucolite, 

By Mt WlEGLEB* 

<5Q I Alumine 

XLL Dipyre. 

By Citizen Vauquelin. 
60 



24 



Water 
Lofs 



50 



4 



Sulphate of barites 

Lime 

Magnelia 



Magncfia 
Silex 



XLII. JJbeJos, 

By Bergmann. 

6 I Clay 
6,9 ' Silex 
1 8,6 Oxide of iron 

By M. WiEGLEB. 

48,45 I Iron 
46,66 



3-3 
64 
1,2 



4.79 



Silex 
Alumine 



XLIII. Talc. 
By M. KiRWAN. 



50 
5 



Magnefia ^^ 

XLIV. Chlorite. 
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XLIV. Chlorite. 





By Citizen Vauquelin. 




Silex 
Alumine 
Magnefia 
Oxide of iron 


26 

18,5 
8 

43 


Muriate of foda, 

aOi 
Water 


or pot- 

2 
2 




By M. HOEPFNER. 




Magnefia 

Silex 

Lime 


43»7 

37'5 
6,2 


Alumine 
Iron 

• 


12,8' 


/ 


xLv: 


Made. 





It has not yet been analyzed. 



XLVI. Jrgil. 



m » 



Its analyfis varies, becaufe it is the ftone, or earth, moft 
capable of mixture ; it approaches moft to ft ones entirely 
or completely mixed. 



^ND or THE SECOND VOLUME. 



ti. FLINT, PRINTER, 
OLD-BAIL£Y, 




<«<« 



■^ \ 



.. ---"vncjiJ^ 



\ 
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